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Description 

FIELD OF THE INVENTION 

5 [0001] This Invention relates to shape-memory biodegradable and absorbable materials which can be recovered to 
the original shape by reheating and degraded and absorbed in Wvo. 

BACKGROUND OF THE INVENTION 

10 [0002] Materials to be embedded in living bodies (i.e., implant materials) include metals, bioceramics, polymers, 
those with biological origins and hybrid materials. 

[0003] These materials may be classified Into so-called absorbable ones which are gradually absorbed and dis- 
charged from the body after exerting the functions in vivo and non-absorbable ones which cannot be degraded but 
substantially remain as such in vivo. 

15 [0004] When these non-absorbable materials (synthetic materials) are kept in vivo over a long time, it is feared that 
these foreign matters undergoes some undesirable reactions due to the differences in physical or chemical (physio- 
logical) properties from biological constituents or the expression of toxicity caused by corrosion. Therefore, these ma- 
terials are sometimes taken out from the body, if possible, by reoperative surgery. In such a case, a patient should be 
burdened with repeated pains and an additional fee. To relieve this situation, it has been required to develop biological 

20 materials which can be used as substitutes for the existing ones without resorting to any reoperative surgery. 

[0005] Although biodegradable and absorbable materials are expected as useful in satisfying the above requirement, 
there are not such a great variety of absori^able materials as being usable as substitutes for all of nonabsorbable 
Implant materials made of metals, ceramics, polymers, etc. Thus, research and development have been made to obtain 
a substitute for each of these existing materials. 

25 [0006] Operative suture yams and metallic materials (stainless, titanium, silver, platinum) employed for ligating miss- 
ing or amputated parts are biomaterials whfeh remain in the body after the completion of the operation. Suture yams 
should be selected by considering tissue disorder, tissue tension, the occurrence of suture complication, effects of 
bodily fluids on the threads, infection, etc. 

[0007] In general, silk yarns are employed in ligating fasciae and peritonea, nylon yams are employed in ligating 
30 skin and nerves, polyester yams are employed in fixing heart and tendons, while polypropylene yarns are employed 
In anastomosing nerves and blood vessels. Synthetic absort)able suture yarns (potyglycolic acid-based type) are used 
not only in the above sites but also in digestive tracts, etc. 

[0008] In sites where a high strength is needed, on the other hand, use is made of metal wires made of stainless 
steel, titanium, etc. However, use of these metallic materials brings about troubles in image diagnosis. That is to say, 
35 light reflected thereby causes halation in magnetic resonance images (MRI) or computer tomography (CT) which have 
been rapidly spread in recent years as means for monitoring the conditions of patients under operation or postoperative 
healing state. Thus, it has been required to develop novel materials for suture, anastomosis or ligation which are usable 
as substitutes for metal wires. 

[0009] As described above, various suture yarns are selected in operations to suit the occasion. In many cases, 
40 these yarns are employed in stanching, suturing or anastomosing various sites other than the main incised part. How- 
ever, it sometimes takes the greater part of time to perfomn these treatments. Under these circumstances, it has been 
required to develop materials for suturing, anastomosing and ligating with which these treatments can be canled out 
more easily. 

[0010] For example, an Incised tendon is fixed by suturing with a yarn. However, the procedure therefor has been 
45 becoming more and more complicated and it is therefore needed to develop fixation materials and convenient methods 
therefor. In operations in the thoracic or abdominal cavity, it is frequently observed that more than 50 blood vessels 
are incised. In such a case, it Is necessary to perfomi suture and ligation at least 100 times for stanching and postop- 
erative fixation. Therefore, it has been required to develop methods and materials by whrch these procedures can be 
carried out more easily. In addition, it is a practice to leave the conventional nonabsortDable materials as such in the 
so body, since bypasses can be spontaneously fomried after ligating blood vessels. Further, it is troublesome and risky to 
open-out the body again to take out metal clips, staples or various suture yams therefrom, and there arises a dilemma 
that the body once opened-out should be sutured again. Accordingly, it is Ideal that the materials to be used for the 
above purposes are biomaterials which can be degraded and absortsed in vivo and then discharged from the body, 
since the above-mentioned problems can be avoided by using these materials. 
55 [0011] To achieve the above object, attempts have been made to produce staples and clips made of biodegradable 
and absort)ab!e polymers (polyglycolic acid, polylactic acid, glycolic acid/lactic acid copolymer, polydioxanone. etc.) 
which have been molded Into parttoular shapes designed by taking the physical strength of the polymers into consid- 
eration andean be physically caulked by using particular Instruments. These products are used In operations In practice. 
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However, these products still suffer from some disadvantages. Namely, they are troublesome In handling. In addition, 
they should be considerably larger in size than metallic ones because of the poor physical strength thereof. Moreover, 
they cannot be fastened tightly, since they are inferior in ductility to metals. 

[0012] EP 0 326 426 discloses plastic molded articles having characteristic properties of both shape-memory and 
5 biodegradability and a process for preparing the same. The molded products consist of homopolymers of lactide or 
glycolide or copolymers of lactide and glycolide. The molded articles of this Invention are partlculariy useful for a variety 
of medical devices. 

SUMMARY OF THE INVEhfTION 

10 

[0013] The present invention, which has been completed In order to satisfy the above requirements, aims at devel- 
oping shape-memory biodegradable and absort^able implant materials made of novel biodegradable and absorbable 
materials which are hydrolyzed and absorbed in vivo when allowed to stand therein. These biodegradable and absorb- 
able materials are usable as medical prosthetic appliances, fillers or scaffolds. Moreover, they make It possible to easily 
IS and surely perform anastomosis, ligation, suture, fixation, fixation, etc.. for example, ligating or anastomosing incised 
blood vessels (stanching), suturing Incised sites, fixing incised tendons and fixing and fixing fractured bones. When 
employed in MRI or CT, they cause no halation. They are further useful as base materials In controlled drug-release 
or tissue engineering. 

[0014] As shape-memory materials, there have been developed synthetic polymers (nortDornane-based one, trans- 
20 polyisoprene, styrene/butadiene copolymer, polyolefin, polyester, polyurethane, polyacryl, etc.) and natural polymers 
(cellulose fiber, protein fiber, etc.). However, none of them is biodegradable and absorbable in vivo. That is to say, it 
has never been reported hitherto that a biodegradable and absortsable material recognized as a biocompatible material 
is processed into a shape-memory material and embedded in vivo in practice, as done in the present invention. 
[0015] The fundamental shape-memory biodegradable and absorbable material of the present invention, by which 
25 the above-mentioned objects have been achieved, is made of a molded article of a lactic acid-based polymer wherein 
said material can be recovered to the original shape without applying any extemal force thereto but by heating to a 
definite temperature or above. Namely, a molded article made of a lactic acid-based polymer In a definite shape is 
defonmed into another molded article at a temperature (Tf) higher than the glass transition temperature (Tg) thereof 
but lower than the crystallization temperature (Tc) thereof (or 100*'C when the molded article has no crystallization 
30 temperature) and then fixing said molded article to the thus defonned shape by cooling it as such to a temperature 
lower than the glass transition temperature (Tg), wherein said molded article can be recovered to the fonner molded 
article of the original shape by heating it again to said defonnation temperature (Tf) or above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0016] 

Fig. 1 is a diagram which Illustrates a shape-memory material for vascular anastomosis according to an embodi- 
ment of the present invention. 
40 Fig. 2 is a diagram which illustrates how to use the above shape-memory material. 

Fig. 3 is a diagram which Illustrates a shape-memory material for vascular anastomosis according to another 
embodiment of the present Invention. 

Fig. 4 Is a diagram which Illustrates a shape-memory material for vascular anastomosis according to another 
embodiment of the present invention. 
45 Fig. 5 is a diagram which illustrates how to use the above shape-memory material. 

Fig. 6 Is a diagram which illustrates a shape-memory material for vascular ligation according to another embodiment 
of the present Invention. 

Fig. 7 Is a diagram which Illustrates how to use the above shape-memory material. 

Fig. 8 is a diagram which Illustrates a shape-memory material for vascular ligation according to another embodiment 
50 of the present invention. 

Fig. 9 Is a diagram which Illustrates a shape-memory material for tendon fixation according to another embodiment 
of the present Invention. 

Fig. 10 is a diagram which illustrates how to use the above shape-memory material. 

Fig. 11 is a diagram which illustrates a shape-memory material for tendon fixation according to another embodiment 
55 of the present invention. 

Fig. 1 2 is a diagram which illustrates a shape-memory material for suture according to another embodiment of the 
present invention. 

Rg. 13 is a diagram which Illustrates how to use the above shape-memory material. 
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Fig. 1 4 is a diagram which illustrates a shape-memory material for suture according to another embodiment of the 
present invention. 

Fig. 15 is a diagram which illustrates a shape-memory material for bone fixation according to another embodiment 
of the present invention. 

5 Fig. 1 6 is a diagram which illustrates the compression defonning of the above shape-memory material. 

Rg. 17 is a diagram which illustrates how to use the above shape-memory material. 

Fig. 1 8 is a diagram which illustrates a shape-memory material for fixing a bone plate for fracture fixation according 
to another embodiment of the present invention. 

Fig. 1 9 is a diagram which illustrates how to use the above shape-memory material. 
10 Fig. 20 is a diagram which illustrates a shape-memory material for bone fixation according to another embodiment 

of the present Invention. 

Fig. 21 is a diagram which illustrates how to use the above shape-memory material. 

Fig. 22 is a diagram which illustrates a shape-memory material for preventing bone cement in marrow cavity from 
leakage according to another embodiment of the present invention. 
15 Fig. 23 is a diagram which Illustrates how to use the above shape-memory material. 

Fig. 24 is a diagram which illustrates a shape-memory material for preventing vascular reconstriction according 
to another embodiment of the present invention. 

Fig. 25 is a diagram which illustrates how to use the above shape-memory material. 

Figs. 26 and 27 are diagrams which illustrate each a hemisphere cup shape-memory material relating to a linearly 
20 located between an artificial hip joint outer head and an acetabular bones according to another embodiments of 

the present invention. 

Fig. 28 is a diagram which shows how to use the above shape-memory material. 

Fig. 29 is a graph which illustrates a relationship between the amount of tranilast released from a shape-memory 
material for preventing vascular reconstriction and containing tranilast and time. 

25 

[0017] In these drawings, each symbol has the meaning as defined below: 





1.2,3: 


shape-memory material for vascular anastomosis; 




21a: 


crimpy inner face; 


30 


4.5: 


shape-memory material for vascular ligation; 




6: 


shape-memory material for tendon fixation; 




61 : 


cut and lifted portion; 




7. 70: 


shape-memory material for suture; 




71 : 


hook; 


35 


8, 10: 


shape-memory material for bone fixation; 




9: 


shape-memory material forf ixing bone plate for fracture fix- 






ation; 




10a: 


cylinder; 




10b: 


amn; 


40 


11 : 


shape-memory material for preventing bone cement from 






leakage; 




11a: 


cylindrical plug; 




11b: 


petal-like projection; 




12: 


shape-memory material for preventing vascular reconstric- 


45 




tion; 




12b: 


pore; 




13: 


shape-memory material for artificial hip Joint; and 




la, 2a. 3a, 4a, 5a, 6a, 7a. Ba, 10c, 1 1c, 12a. 13a. 70a : 


original shape. 


50 


DETAILED DESCRIPTION OF THE INVENTION 





[001 8] The temi "deforming" as used herein involves any treatments and procedures for altering the shape of molded 
articles, for example, enlargement, drawing, compression, bending, twisting and combinations thereof. 
[0019] In general, a polymer molecular aggregate having a shape-memory function has a structure consisting of a 
55 fixed phase having a function of controlling the fluidity of the polymer molecules so as to fix the material to the shape 
of a molded article, and a reversible phase in which the polymer molecules can be softened and hardened repeatedly 
via fluidization/solidif ication with a change in temperature above or below a definite point. 

[0020] The fonmatlon of the fixing phase depends on some chemical factors such as the interaction systems among 
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individual linear polymermolecularchains.thedenslty andformof the Interactions. interlocl<ing of molecular chains, etc. 
[0021] The interactions among polymer molecular chains can be divided into those due to strong primary bonds 
{covalent bond, coordinate bond, ionic bond, etc) and those due to relatively weak secondary binding forces (Coulomb 
forces, hydrogen bond, van der Waals force, etc.). The constrained phase (fixed phase) and the fluldized phase (re- 
5 versible phase) are formed depending on the intennolecular actions the type of which is determined by the properties 
(for example, chemical structure, arrangement and steric specificity) of the monomers constituting the polymer, owing 
to a difference in the interaction (binding force) among the polymer molecular chains, the polymer forms a rubber 
phase, a glass phase or a crystalline phase. Some polymers consist of one of these phases alone, while others comprise 
two or more thereof. 

10 [0022] A shape-memory polymer shows a large change In modulus of elasticity at the glass transition temperature 
(Tg). The shape-memory function can be achieved by taking advantage of this characteristic. Namely, a molded article 
(the primary molded article) to which a definite shape (the original shape) has been imparted by a common method 
for molding plastics is softened by heating to a temperature (Tf) higher than the Tg of the polymer but lower than the 
melting temperature (Tm) thereof so as to deform it into a different shape. Next, the molded article is cooled to a 

15 temperature lower than Tg while maintaining the thus defonmed shape (the secondary molded arttele). When it is heated 
again to a temperature higher than the secondary-molding temperature (Tf) but lower than Tm, the shape of the sec- 
ondary molded article disappears and thus the article is recovered to the original shape of the primary molded article. 
The term "shape-memory polymer" means such a polymer which can be defonmed into a secondary shape tentatively 
and then recovered to the original shape via the above-mentioned process. 

20 [0023] The most effective polymers which can be recovered to the original shape Include glassy polymers showing 
a large change In modulus of elasticity at the glass transition temperature (Tg). In these polymer, namely, the disap- 
pearance of the secondary shape and the recovery to the original shape can be perfomied efficiently and almost 
completely. Many of the lactic acid-based polymers to be used in the present invention show changes in modulus of 
elasticity (E') by 150-fold or above at Tg and, therefore, are appropriate as shape-memory materials. 

25 [0024] The above-mentioned properties cannot be achieved by polymers consisting exclusively of fluldized phases, 
for example, those wherein the reversible phase is a rubber phase having a fluidity higher than that of the glass phase. 
In contrast thereto, polymers having a rubber phase alone with Intermolecular-crossllnked moieties or consisting of 
two or more phases wherein a glass phase, a crystalline phase, etc. are mixed with a rubber phase exhibit the shape- 
memory and recovery functions. However, it might be still doubtful whether or not the secondary shape can be exactly 

30 fixed, the molded article can be completely recovered to the original shape and the shape-memory function and the 
recovery temperature are acceptable from the viewpoint of clinical use. 

[0025] On the contrary, a crystalline phase serves as a fixed phase and no polymer consisting exclusively of this 
phase can exhibit any shape-memory function. There are some polymers comprising polymer molecular aggregates 
consisting of a crystalline phase and a rubber phase (In particular, a partly crossllnked mbber phase) at ordinary tem- 
35 perature or polymer molecular aggregates consisting of a crystalline phase and a glass phase mixed together whteh 
achieve the shape-memory function. 

[0026] Among biodegradable and bioabsorbable polymers, some poly(a-oxy acid)s may be cited as typical examples 
of polymers which are excellent in biocompatibility and safety and have been accepted as implant materials to be used 
In vivo in practice. Polyglycolic acid is a polymer having Tm (melting temperature) of 230°C (225 - 235'*C) and Tg of 
40 36"C (45 - 50*C), while poly-L-lactic acid is a crystalline polymer (i.e., one having crystallization temperature) with Tm 
of 1 QQ'^C (1 95**C) and Tg of 56*C (55 - 65»C), provided that the data given In parentheses are those reported in different 
documents. 

[0027] These polymers fundamentally consist of a crystalline phase and an amorphous phase (a glass phase). Al- 
though they can be made completely amorphous by themnally treating in a specific manner. It is unavoidable that such 

^5 a polymer is once converted into a crystalline polymer partly containing an amorphous glass phase in the process of 
molding (deforming) wherein it is fluldized by heating so as to enable molding. This is caused by the chemical structure 
of the monomers comprising a single Isomer which are the constituting units of the polymer since this phenomenon 
is an unavoidable one, these polymers essentially fall within the category of crystalline polymers. 
[0028] Although polyglycolic acid and polylactic acid, which are both homopolymers, are essentially crystalline pol- 

50 ymers, they are each substantially composed of a crystalline phase and a glass phase. Accordingly, they can achieve 
the shape-memory function when defomried Into the above-mentioned secondary shape at a temperature higher than 
Tg but lower than the crystallization temperature (Tc, Tc < Tm) and then solidified by cooling, though they each has a 
somewhat high Tg. In this treatment, however, the deformation should be perfomied at a high temperature of, for 
example. 1 0C^C or above, since these polymers contain a crystalline phase. Moreover, there arise additional problems 

55 such that the degree of crystallization is elevated during the treatment and thus the shape recovery should be carried 
out at a high temperature of 1 00**C or above or the shape cannot be recovered completely to the original one. By taking 
these problems into consideration, it seems Impossible to conclude that these polymers are usable as shape-memory 
polymers for practical use, in particular, as medical implants. 
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[0029] Lactic add occurs as optical isomers, I.e., S(L)-iactlc acid and R (D)-lactlc acid. In usual, polylactic acid is 
obtained by preparing oligomers of these isomers, cyclized these oligomers to give dimers (lactide) and then further 
ring-opening polymerizing these dimers. The above-mentioned poly-L-lactic acid or poly-D-lactic acid made of the L- 
Isomer or the D-lsomer alone respectively is an essentially crystalline polymer owing to the steric specificity and mo- 

5 lecular chains therein are In the state of an a-helix structure. 

[0030] Cyclized lactic acid dimers are classified into three types, namely, one made of two L-lsomer molecules, one 
made of two D-isomer molecules and one made of an L-isomer molecule and a D-isomer molecule (i.e., the meso- 
type), though these different isomers in the third type can be hardly extracted and separated from each other in practice. 
These dimers are called respectively L-iactide, D-iactide and DL(meso)-iactide. Poiy-D,L-lactide (poly-D,L-lactic acid) 

10 can be synthesized by mixing L-lactide with D-lactide at a definite ratio followed by ring-opening polymerization. When 
the mixing ratio is 50/50 (by mol), the obtained polymer made of the D- and L-isomers is usually called poly-D,L-lactlc 
acid. However, those prepared by using different mixing ratios are also referred to as poly>D,L-lactic acid in a broad 
sense. 

[0031 ] When the content of the D-iactide differs from that of L-lactide, the major one serves as the key factor In the 
IS fomnation of block segments connected to each other. The shortest monomer connection unit of poly-D,L-lactide where- 
in L-lactide and D-lactide are bonded at an equimolar ratio is -(L-L-D-D)-. This shortest connection unit of the optical 
isomers results In properly disordered interaction among polymer molecular chains. As a result, these units can fomri 
no crystalline polymer, as in the case of polymers consisting of the L- or D-isomer alone, but a substantially amorphous 
glassy polymer at ordinary temperature. These units fomri no rubbery polymer because of the appropriate balance 
20 between the polarity and nonporallty of the chemical structure of the lactic acid monomer. Poly-D.L-lactic acid with a 
molar mixing ratio of the D-isomer to the L-isomer of 50/50 has a Tg of ST*C (55 - 60'C). 

[0032] The present inventors have paid their attention to the chemical structure, arrangement, phase structure, Tg, 
various physical properties, biodegradability and bioabsoriDabiiity of the above-mentioned poly-D, L-lactic acid and 
proved its efficacy as a shape-memory biodegradable and absorbable material. As a result, they have completed the 

25 present Invention aiming at providing practically usable implant materials which can be embedded in vivo. 

[0033] The present Invention has been completed based on the recognition and understanding of the following facts. 
That is, a molded article made of poly-D,L-lactte acid as the fundamental component consists of a structural part capable 
of controlling the fluidity of the polymer and thus fixing the molded article to a definite shape (I.e., a fixed phase) and 
another structural part undergoing hardening and softening repeatedly with changes in temperature above or below 

30 the glass transition temperature (Tg) of the polymer (i.e., a reversible phase). When the original material is melt-molded 
into a definite shape and then cooled to Tg or below, the fixed and reversible phases are both fixed so as to maintain 
the shape of the primary molded article (i.e., the original shape). When this primary molded article Is defonmed by 
heating it again to a temperature (Tf) higher than Tg but lowerthan Tc, the reversible phase alone is fluidized to thereby 
form another molded article of a different shape. Then the molded article is cooled as such to Tg or below. As a result, 

35 the reversible phase is fixed and another molded article (i.e., the secondary molded article) differing in shape from the 
primary one can be obtained. When this secondary molded article Is heated again to a temperature higher than Tf but 
lower than Tc. the reversible phase is fluidized again. Thus, the molded article is recovered to the original shape of the 
primary molded article having been memorized by the fixed phase. 

[0034] As the lactic acid-based polymer to be used in this case, it is preferable to select one having a shape- recovery 
40 temperature of from 45 to lOCC. Namely, lactic acid-based polymers having Tg of from 45 to 100°C are useful as 
biodegradable and absorbable implant materials to be embedded in vivo. The temperature range as specified above 
is detemiined for the following reason. 

[0035] In general, plastic materials for medical use which should be sterilized are sterilized with ethylene oxide gas 
(EGG) in most cases except a few heat-resistant polymer materials, though sterilization with y-ray Is employed in some 
45 cases. Since the lower limit of EOG sterilization temperature is 40 to 45*'C, it is necessary that these materials would 
not recover to the original shape at the sterilization temperature. It should be also avoided that the products are recov- 
ered to the original shape during storage. It is, therefore, necessary to select polymers having Tg of 45''C or above 
which corresponds to the lower limit for the durability to high temperature in summer. 

[0036] On the other hand, the upper limit of temperature should be specified, since a themnai treatment for the shape- 
so recovery should be performed in vivo. To recover the molded article to the original shape, it may be directly heated 
with the use of a heating means such as laser, ultrasonic wave, high frequency wave or infrared radiation or a heat 
medium such as a hot air stream or hot water. However, it is necessary that vital tissues are never damaged thereby. 
Thus, the heating should be canied out at a temperature as low as possible. Contact with a heating medium at 1 00**C 
Is associated with little risk of burns, so long as the contact is completed within a short time, I.e., several seconds. 
55 Thus, this temperature may be refen-ed to as the upper limit. To ensure improved safety, however, it is recommended 
to perfomi the shape-recovering treatment at a temperature of 45 to JO^'C, preferably 50 to 65°C. By taking these 
factors Into consideration, the shape-memory recovery temperature range is detemiined as from 45 to lOO^C. 
[0037] /Vmong lactk; acid-based polymers, highly suitable ones is poly-D,L-lactlc acid as described above. This poly- 
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D,L-!actlc add may be a copolymer obtained by mixing D-lactlde with L-lactlde at various ratios followed by ring-opening 
polymerization; a copolymer obtained by ring-opening polymerizing DL-lactlde; a copolymer obtained by polymerizing 
a mixture of L-lactIc acid with D-lactic acid; or a mixture of these copolymers. 

[0038] Because of being a fundamentally amorphous glassy polymer, the poly-D,L-lactic acid shows elastic proper- 
5 ties imparting a high defomnability at the glass transition temperature or above. Thus, It can be defomied by enlarge- 
ment, drawing, compression, twisting, etc. at a high ratio and yet recovered to the original shape at a ratio (shape 
recovery ratio) of almost 100 %. The strength of this polymer can be regulated mainly by controlling the molecular 
weight and introducing somewhat crystalline phase thereinto. This polymer has an additional advantage that It can be 
hydrolyzed quickly in vivo, compared with crystalline poly-L-lactic acid, etc., owing to the amorphous properties. 
10 [0039] Moreover, the glassy and amorphous poly-D.L-lactic acid may be mixed with a portion of biodegradable and 
absorbable polymers such as crystalline poly-L-lactic acid, pofy-D-lactic acid, polyglycolic acid, amorphous polydiox- 
anone, polycaprolactone or polytrimethylene cartDonate. It is also preferable to use, either alone or as a mixture thereof, 
substantially amorphous shape-memory polymers obtained by copolymerizing lactides such as lactic acid/glycolic acid 
copolymer, lactic acid/dioxanone copolymer, lactic acid/caprolactone copolymer, lactic acld/ethylene glycol copolymer, 
'5 lactic acid/propylene copolymer or lactide/ethylene oxide/propylene oxide copolymer (wherein lactic acid and lactide 
may be either L-, D-, DL- or D,L-isomers) with biodegradable and absorisable monomers. 

[0040] The advantages achieved by using these crystalline homopolymer mixtures are, for example, as follows. 
Namely, various physical strengths as materials can be enhanced and the defomriing and shape-memory temperatures 
can be elevated. Further, the degradation rate and the total absorption time In vivo can be regulated thereby. The 
20 advantages achieved by the intramolecular copolymerizatlon of the poly-D.L-lactic acid with absort^able monomers 
are as follows. Namely, since the crystalline polymer can be converted into an amorphous one, various characteristic 
shape-memory/recovery functions can be Imparted thereto. Furthemnore, the degradation rate and the absorption rate 
can be thus controlled. 

[0041] An additional technical basis for the present invention resides In the fact that these biodegradable and ab- 
25 soriaable polymers can be subjected to the secondary molding at such a temperature as not deteriorating the polymer. 
These polymers are liable to be deteriorated, when molded by the conventional methods (injection molding, extrusion 
molding, compression molding, etc.) at Tm or above. For example, it Is commonly obsen/ed that a polymer having a 
molecular weight of 400,000 is degraded into one having a molecular weight 1/1 0 times lower than the initial molecular 
weight. In contrast thereto, the polymers are scarcely deteriorated at Tf employed in the present invention. Thus, an 
30 extremely high shape recovery ratio can be established and materials with excellent shape-memory characteristics 
can be obtained. 

[0042] The above-mentioned materials can be appropriately employed as various materials for treating vital tissues 
as will be described hereinafter (for example, those for vascular anastomosis, vascular ligation, tendon fixation, bone 
fixation, suture, preventing vascular reconstrictlon and preventing bone cement in marrow cavity from leakage and 

55 artificial hip Joint) by first molding into the original shapes to be memorized (pipes, rings, yarns, plates, hemisphere 
cup shape and others) and then defomriing to other shapes for easy handling. When allowed to stand in vivo, these 
materials are hydrolyzed with the passage of time and absoriaed followed by discharge, since they are made of lactic 
acid-based polymers. That is to say, they would never remain In vivo as foreign matters. Because of being non-metallic, 
the lactic acid-based polymers would never cause halation In MRI or CT 

40 [0043] Although a shape-memory biodegradable and absortDable material made of a lactic acid-based polymer is 
defomied once in the above-mentioned case, the defomnatlon may be perfomied repeatedly. Namely, a shape-memory 
biodegradable and absort)able material may be produced by defomriing a molded article made of a lactic acid-based 
polymer and having a definite shape into another molded article having another shape at a temperature higher than 
the glass transition temperature thereof but lower than the crystallization temperature thereof (or lOC'C when the 

45 molded article has no crystallization temperature), then fixing said molded article to the thus defomied shape by cooling 
it as such to a temperature lower than the glass transition temperature, further defomriing said molded article into 
another molded article having another shape at a temperature higher than the glass transition temperature but lower 
than said deformation temperature and fixing said molded article to the thus deformed shape by cooling it as such to 
a temperature lower than the glass transition temperature. 

50 [0044] Such a shape-memory biodegradable and absortDable material Is advantageous in that, when the temperature 
of the shape-memory biodegradable and absorbable material exceeds the second defonnation temperature In the 
course of reheating, it can be recovered to the shape of the first-defonned molded article and, when the temperature 
thereof exceeds the first defomiatlon temperature, it can be finally recovered to the shape of the original molded article. 
That is to say, shape-recovery at the intemriedlate step can be efficaciously utilized in shape-memory biodegradable 

55 and absorisabte materials of this type. 

[0045] In shape-memory biodegradable and absorbable materials of the present invention, mold articles are usually 
made of solid lactic acid-based polymers obtained by various molding procedures such as melt-molding, as the original 
molded article. It is also appropriate to employ foamed molded articles therefor. When a shape-memory biodegradable 
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and absorbable material, which is prepared by deforming (for example, compression deforming) such a porous molded 
article into a substantially non-porous molded article having another shape at a temperature higher than the glass 
transition temperature (Tg) thereof but lower than the crystallization temperature (Tc) thereof {or 1 00^*0 when the mold- 
ed article has no crystallization temperature) and fixing this substantially non-porous molded article to the thus defonned 

5 shape by cooling It as such to a temperature lower than the glass transition temperature, is heated again to the above 
deformation temperature (Tf) or above, it can be recovered to the porous molded article of the original shape. When 
such a biodegradable and absorbable material is recovered to the original porous molded article and embedded in 
vivo, bodily fluids can quickly penetrate Into the material via the open cells and thus the material Is hydrolyzed. At the 
same time, tissue cells around the affected site can enter the material via the pores and proliferate therein. As a result, 

10 the material is replaced by the tissue cells and thus disappears within a relatively short period of time. Accordingly, 
such materials are highly useful as scaffolds, etc. for regenerating tissues. 

[0046] As the original porous molded article, It Is appropriate to use one having an expansion ratio of 2 to 3 and a 
porosity of about 50 to 70 %. When a shape-memory material prepared from a porous molded article with an expansion 
ratio lower than 2 is embedded in vivo, bodify fluids and tissue cells cannot well enter the material. When a shape- 

15 memory material prepared from a porous molded article with an expansion ratio exceeding 3 is embedded in vivo, on 
the contrary, It Is feared that the material can exert only an insufficient strength when embedded into an amputated 
part in a hard tissue (bone, etc) in vivo. However, this wouldn't applicable to the case of soft tissues. 
[0047] The shape-memory biodegradable and absorbable materials of the present invention can contain biologically 
active bioceramlcs powders or various drugs. 

20 [0048] Examples of the bioceramics powders Include powders of surface bioactive sintered hydroxyapatite, bioglass 
for living body use, crystallized glass for living body use, bioabsorbable neither calcined nor sintered hydroxyapatite, 
dicalcium phosphate, tricalclum phosphate, tetracalcium phosphate, octacalcium phosphate, calclte and diopsite. Ei- 
ther one of these bioceramics powders or a mixture thereof may be employed. When a shape-memory biodegradable 
and absoriDable material containing such a bioceramics powder is embedded into bone tissue in vivo, the formation of 

25 the bone tissue on the surface of the material is Induced by the bioceramics powder. Thus, the material can be fixed 
to the bone tissue within a short period of time followed by fixation or replacement. Namely, shape-memory biodegrad- 
able and absorbable materials of this type are highly useful as materials for bone fixation. In particular, bioceramics 
powder-containing shape-memory materials having been prepared by compression molding the above-mentioned po- 
rous molded articles are extremely efficacious in the reconstruction of bone tissue. 

30 [0049J On the other hand, examples of the drugs used in the present invention include various remedies, antibacterial 
agents, bone growth factors, various homiones, physiologically active substances and various cytokines. When these 
drug-containing shape-memory biodegradable and absorbable materials are embedded in vivo, the drugs can be re- 
leased at an almost constant rate. Thus, these materials can be appropriately employed as drug delivery system (DDS) 
bases. Among all, those containing growth factors such as the bone growth factors or cytokines as cited above are 

35 highly useful as materials for bone fixation or bone tissue reconstruction. 

[0050] Next, particular embodiments of the shape-memory biodegradable and absori^able materials of the present 
invention will be described in greater detail by reference to the attached drawings. 

[0051] Fig. 1 Is a diagram which illustrates a shape-memory biodegradable and absorbable material for vascular 
anastomosis (hereinafter referred to simply as "shape-memory material for vascular anastomosis"). 
40 [0052] This shape-memory material for vascular anastomosis (1 ) is a cylindrical molded article made of a lactic acid- 
based polymer as described above. When heated to a definite temperature [i.e., the defomiation temperature (Tf) as 
will be described hereinafter], it can be recovered to the memorized shape of small diameter pipes without applying 
any external force thereto. 

[0053] Namely, this shape-memory material for vascular anastomosis (1 ) Is prepared by enlarging and defonning a 
-^5 molded article (la) made of a lactic acid-based polymer in the shape of small diameter pipes Into another molded 
article in the shape of large diameter pipes at a temperature (Tf). higher than the glass transition temperature (Tg) 
thereof but lower than the crystallization temperature (Tc) thereof (or 100*»C when the molded article has no crystalli- 
zation temperature) and then fixing said molded article to the shape of large diameter pipes by cooling it as such to a 
temperature lower than the glass transition temperature (Tg) to thereby make It to memorize the shape (small diameter 
50 pipes) of the original molded article (la). 

[0054] In the original molded article (1 a) in the shape of small diameter pipes, the shape of the small diameter pipes 
is fixed by molding a lactic acid-based polymer to a temperature at which the material becomes moldable [I.e., higher 
than the melting temperature (Tm). if any, or the softening temperature (Ts)] and then solidifying it by cooling at ordinary 
temperature. Thus, both of the fixed and reversible phases have been solidified. The inner diameter of the small di- 
ss ameter pipes of this molded article (1 a) should be smaller than the outer diameter of blood vessels. In usual, the inner 
diameter thereof is regulated depending on the size of the blood vessel to be anastomosed. From the viewpoint of 
strength, it Is sufficient that this molded article has a thickness of from 0.5 to 3 mm. 

[0055] This molded article (1 a) may be enlarged and defonned by various methods. The most convenient method 
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is one comprising enlarging the molded article (la) by inserting therethrough an enlarging rod (101) with a sharp tip 
made of a metal or a synthetic resin while heating the molded article to the above-mentioned defomnation temperature 
(Tf). Although the molded article (1 a) can be enlarged about 1 5-fold (enlarging rate of inner diameter) at the maximum, 
an excessive enlargement might convert the lactic acid-based polymer Into fibrils or make it less unifomi while insuf- 
5 ficient enlargement might result In only an unsatisfactory effect of shape-recovery. Thus, It Is preferable to enlarge the 
molded article (1 a) about 1 .3- to 1 0-fold, still preferably about 1 .5- to 6*fold. 

[0056] To memorize the shape of small diameter pipes of the original molded article (1a), the enlargement and de- 
fomiation should be carried out at a temperature (Tf) which is higher than the glass transition temperature (Tg) but 
lower than the crystallization temperature (Tc). Most of the lactic acid-based polymers to be used in the present invention 
to have glass transition temperatures (Tgs) falling within a range of from 45 to yO'^C. For the reasons as described above, 
the upper limit of the temperature (Tf) for the enlargement and defomnation Is 100**C. Usually, the molded article (la) 
is enlarged and defomried at a relatively low temperature (about 50 to 70**C). 

[0057] As described above, the enlarging rod (101) is inserted through the molded article (1a) in the shape of the 
small diameter pipes while heating It to a temperature (Tf) higher than the glass transition temperature (Tg) but lower 

15 than the crystallization temperature (Tc). Thus, the reversible phase alone of the molded article (la) is fundamentally 
molten and the polymer per se Is softened to such an extent that It seems moldable. As a result, It can be enlarged 
into large diameter pipes. Next, the molded article is cooled at ordinary temperature lower than the glass transition 
temperature (Tg) as such (i.e., in the enlarged state) to thereby give a shape-memory material for vascular anastomosis 
(1) wherein the reversible phase has been solidified again and thus the shape of large diameter pipes is maintained 

20 by force. When the shape-memory material for vascular anastomosis (1) in the shape of large diameter pipes thus 
obtained is heated again to the above defomnation temperature (Tf) or above, the reversible phase alone is molten. 
As a result, the molded article is recovered to the original molded article (1a) In the shape of smalt diameter pipes 
owing to the fixed phase. However, the shape-memory materials for vascular anastomosis of the present invention 
involve not only those wherein the fixed phase and the reversible phase Independently form block phases but also 

25 those having no phase structure due to the Interaction among molecules and exerting the same function. 

[0058] This shape-memory material for vascular anastomosis (1) is finally sterilized with gas and stored. Since It is 
made of a lactic acid-based polymer having a glass transition temperature of from 45 to TO'^C as described above, 
there is no fear that the shape-memory material is recovered to the original shape at the gas sterilization temperature 
(40 - 45° C) or during storage. 

30 [0059] Fig. 2 is a diagram which illustrates how to use the above shape-memory material. 

[0060] First, both ends of Incised blood vessel sections (102, 102) are inserted from both openings of the shape- 
memory material for vascular anastomosis (1 ) in the shape of large diameter pipes. Next, the shape-memory material 
for vascular anastomosis (1) is heated again to the above deformation temperature (Tf) or above. The reheating can 
be conveniently perfonned by, for example, spraying a hot air stream or hot water (sterilized saline, etc.) heated to the 

35 above defomnation temperature (Tf) or above, though other procedures such as laser heating, high frequency heating, 
ultrasonic wave heating, or IR heating can be used. 

[0061] When thus heated again, the shape-memory material for vascular anastomosis (1) in the shape of large 
diameter pipes Is quickly (within several seconds) recovered to the original molded article (la) In the fonn of small 
diameter pipes and fixed while holding the ends of the blood vessel sections (1 02, 1 02) . Thus, the blood vessel sections 
40 (1 02, 1 02) can be very easily anastomosed together. Compared with the conventional case wherein blood vessels are 
stitched together with a suture yam, the anastomosis treatment can be very simply and easily perfomned. which can 
remaricabiy elevate the operation efficiency. Moreover, the reheating can be carried out at a relatively low temperature 
wl thin a short period of time. Thus, this treatment is a highly safe one free from any fear of bums at the vessels or 
therearound. 

45 [0062] In some cases, it is possible that, after recovering the shape-memory material for vascular anastomosis (1 ) 
to the original shape by reheating, the shape-memory material for vascular anastomosis (1 ) is somewhat flattened by 
using a fastener, etc. and then solidified by cooling. Thus, the shape-memory material for vascular anastomosis (1) 
can exhibit an improved force of holding and fixing the blood vessels, it Is also possible that an adhesive (fibrin paste, 
etc.) Is applied onto the inner face of the shape-memory material for vascular anastomosis (1) prior to the recovery 

50 and then the shape-memory material (1) is recovered to the original shape to thereby adhere the material (1) to the 
blood vessel sections (102) or adhere the blood vessel sections (102, 102) to each other. 

[0063] When the blood vessel sections (1 02, 1 02) are anastomosed together by using the shape-memory material 
for vascular anastomosis (1) as described above, the blood vessels are bonded to each other through spontaneous 
healing. Subsequently, the shape-memory material for vascular anastomosis (1) comes in contact with bodily fluids 
55 and thus is hydrolyzed with the passage of time. Finally, it is absortsed in vivo and thus completely disappears. Although 
these phenomena proceed at different speeds depending on the type of the polymer, poly-D, L-lactic acid Is appropri- 
ately employed therefor, since It can be considerably quickly degraded compared with poly-L-lactic acid. 
[0064] in the shape-memory material for vascular anastomosis (1) according to embodiment, the original molding 
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article (1a) in the shape of smali diameter pipes is produced by melt-extrusion molding. iHowever, other melt-molding 
procedures (Injection molding, etc.) may be employed therefor. It is also possible to produce the molded article (1a) 
by applying or coating a solution of a lactic acid-based polymer in a volatile solvent onto the core material to fonn a 
thicic cylindrical film around the core and, after solidification by drying, removing the core material. When the molded 
5 article (1 a) is produced by applying or spraying as in the above case, drugs, etc. can be added to the polymer solution 
without any fear of denaturation. Accordingiy, this method is particularty useful for producing a shape-memory material 
for vascular anastomosis (1) containing a drug, etc. 

[0065] As the above-mentioned solvent, those in which lactic acid-based polymers are soluble are used. When a 
solution of a lactip acid-based polymer in a mixture of such a solvent with a non-solvent having a boiling point higher 

10 than that of the solvent per se is applied or sprayed onto the above core material and then dried, a foamed and porous 
molded article (1 a) in the shape of small diameter pipes having an open cell structure can be obtained. When a shape- 
memory material for vascular anastomosis (1) obtained by enlarging and defomning the foamed molded article (la) 
thus obtained Is recovered to the original foamed molded article (1a) by reheating and then embedded in v/Vo while 
holding the blood vessels, bodily fluids enter the shape-memory material (1 ) via the open cells. In this case, therefore, 

'5 the contact area of the shape-memory material with the bodily fluids is considerably enlarged, compared with a shape- 
memory material having no open cell, and thus hydrolysis proceeds quickly. As a result, there is successfully achieved 
an advantage that the shape-memory material for vascular anastomosis (1 ) can be absorised In vivo within about 1 to 
3 months. 

[0066] In this embodiment, the original molded article (1 a) and the enlarged and defomned shape-memory material 
20 (1) are both in cylindrical shapes. However, the present invention is not restricted thereto and these molded articles 
can be molded into pipes having various sectional shapes, for example, ellipse, polygons including triangle and the lllce. 
[0067] Fig. 3 is a diagram which illustrates a shape-memory material for vascular anastomosis according to another 
embodiment of the present invention. 

[0068] In this shape-memory material for vascular anastomosis (22), a molded article (2a) made of a lactic acid- 
25 based polymer and having a shape of small diameter pipes has a crimpy inner face (21 a). This molded article (2a) is 
enlarged and defomied into large diameter pipes by heating It to a temperature (Tf) higher than the glass transition 
temperature (Tg) but lower than the crystallization temperature (Tc) thereof (or 1 0O^'C when the molded article has no 
crystallization temperature). Then it is fixed to this shape by cooling it as such to a temperature lower than the glass 
transition temperature (Tg). 

30 [0069] When blood vessels are anastomosed with the use of this shape-memory material for vascular anastomosis 

(2) by reheating It In the same manner as the one described above, the blood vessels can be tightly held and fixed all 
around owing to the crimpy inner face (21a) of the original molded article (2a) in the shape of small diameter pipes. 
As a result, it is ensured that the blood vessels would never fall off from the shape-memory material, for vascular 

anastomosis (2). 

35 [0070] The Inner face of the molded article (2a) may be crimped not only lengthwise. Namely, it may be draped 
vertically so that the ends of the incised blood vessels can be brought close and adhered to each other easily. 
[0071] Fig. 4 is a diagram which illustrates a shape-memory material for vascular anastomosis according to another 
embodiment of the present invention while Fig. 5 Is a diagram which illustrates how to use the above shape-memory 

material. 

40 [0072] This shape-memory material for vascular anastomosis (3) Is prepared by drawing and defomiing a molded 
article (3a) made of a lactic acid-based polymer and having a shape of small diameter pipes Into another molded article 
(3b) having another shape of longer small diameter pipes at a temperature (Tf 1) higher than the glass transition tem- 
perature (Tg) thereof but lower than the crystallization temperature (Tc) thereof (or 1 00*»C when the molded article has 
no crystallization temperature), then fixing said molded article to the thus defomied shape by cooling it as such to a 

45 temperature lower than the glass transition temperature, further extending this molded article (3b) into another molded 
article having another shape of large diameter pipes at a temperature (Tf2) higher than the glass transition temperature 
(Tg) but lower than the above deformation temperature (Tf 1 ) and fixing said molded article to the thus extended shape 
by cooling it as such to a temperature lower than the glass transition temperature. 

[0073] When the temperature of the shape-memory material for vascular anastomosis (3) exceeds the second de- 
50 fomnation temperature (Tf2) in the course of reheating to the first defomriation temperature (Tf1) or above, it can be 
recovered to the shape of the f Irst-defomaed molded article (3b) of longer and small diameter pipes. When heating is 
further continued and the temperature thereof exceeds the first defomnation temperature (Tfl ), it can be finally recov- 
ered to the shape of the original molded article (3a), i.e., small diameter pipes. 

[0074] As Fig. 5 shows, both ends of Incised blood vessel sections (102, 102) are Inserted from both openings of 
55 the shape-memory material for vascular anastomosis (3). Next, the shape-memory material for vascular anastomosis 

(3) is heated again and recovered to the molded article (3b) In the shape of longer and small diameter pipes. Thus the 
blood vessel sections (1 02, 1 02) are tightly held and fixed by the molded article (3b). Subsequently, the molded article 
(3b) further constricts lengthwise to the original shape of the molded article (3a) while holding and fixing the blood 



10 



EP 1000 958 B1 



vessel sections (1 02. 1 02). Thus, the blood vessel sections (1 02, 1 02) can be brought close together and anastonnosed. 
[0075] It is desirable that the second defonnation temperature (Tf2) is lower by at least 1 0°C than the first defonnation 
temperature (Tf1). When the difference between these temperatures is less than 10'*C, the shape-memory material 
for vascular anastomosis (3) is recovered almost simultaneously to the molded article (3b) and the molded article (3a) 

s in the course of reheating. As a result, the blood vessel sections (102, 102) can be hardly brought close together and 
anastomosed. When the difference between these temperatures is more than 10'*C, on the other hand, the recovery 
of the shape of the shape-memory material for vascular anastomosis (3) to the molded article (3b) can be completed 
during the reheating proceeds from the second defomiation temperature (Tf2) to the first deformation temperature 
(Tfl). Thus, the recovery of the molded articles (3b) and (3a) can proceed stepwise and the blood vessel sections 

10 (1 02, 1 02) can be brought close together and anastomosed. It is preferable that the difference between the first defor- 
mation temperature (Tfl) and the second deformation temperature (Tf2) is from 20 to 30**C. Examples of materials 
appropriately satisfying this requirement include lactic acid-based polymers having a partly crystallized phase or con- 
taining a portion of a crystalline lactic acid-based polymer. 

[0076] It is also preferable in this shape-memory material for vascular anastomosis (3) to use a molded article having 
IS a crimpy inner face as the original molded article (3a) in the shape of small diameter pipes so that, after the shape- 
recovery by reheating, blood vessels can be tightly held and fixed owing to the crimpy inner face thereof. 
[0077] Fig. 6 Is a diagram which illustrates a shape-memory biodegradable and absorbable material for vascular 
ligation (hereinafter referred to simply as "shape-memory material for vascular ligation") according to another embod- 
iment of the present invention, while Fig. 7 is a diagram which illustrates how to usethe above shape-memory material. 
20 [0078] This shape-memory material for vascular ligation (4) is made of a molded article of a lactic acid-based polymer 
in the shape of rings. When It is heated to a defomnatlon temperature [i.e., the defonnation temperature (Tf) as will be 
described hereinafter], it can be recovered to the memorized shape of small diameter pipes without applying any 
externa! force thereto. 

[0079] That is to say, this shape-memory material for vascular ligation (4) is prepared by enlarging and defonning a 
25 molded article (4a) made of a lactic acid-based polymer in the shape of small diameter rings into another molded article 
in the shaipe of large diameter rings at a temperature (Tf) higher than the glass transition temperature (Tg) thereof but 
lower than the crystallization temperature (Tc) thereof (or lOO^^C when the molded article has no crystallization tem- 
perature) and then fixing said molded article to the shape of large diameter rings by cooling it as such to a temperature 
lower than the glass transition temperature (Tg). 
30 [0080] When heated to the defomnatlon temperature (Tf) or above, this shape-memory material for vascular ligation 
(4) in the shape of large diameter rings can be quickly recovered to the original molded article (4a) in the shape of 
small diameter rings. As Fig. 7 shows, this shape-memory material for vascular ligation (4) is put into the end of a blood 
vessel (102) to be ligated. Then it is reheated by bringing into contact with a hot air stream or hot water (sterilized 
physiological saline) at deformation temperature CTf) or above. As a result, it is immediately recovered to the original 
35 molded article (4a) in the shape of small diameter rings and thus the end of the blood vessel (1 02) can be tightly ligated 
all around thereby, thus achieving stanching. In this case, it is possible that the shape-memory material Is somewhat 
flattened by using a fastener, etc. and then solidified by cooling. Thus, the safety can be improved since the end of the 
blood vessel (102) is ligated more strongly. If necessary, hemostatic drugs, etc. may be applied to the ligated part of 
the blood vessel (102). 

40 [0081] The inner diameter of the original moJded article (4a) in the shape of small rings should be regulated so as 
to ensure sufficient ligation of the blood vessel (102). More particulariy speaking, It is preferable, by taking Into con- 
sideration the size of the blood vessel to be ligated, that the molded article (4a) is In the shape of rings having an inner 
diameter of from about 0.1 to 1 .5 mm. In this case, the blood vessel (1 02) can be ligated more strongly by crimping 
the inner face of the molded artble (4a). It is sufficient that the width of this molded article (4a) ranges from about 0.3 

45 to 5 mm. 

[0082] It is preferable that the original molded article (4a) is enlarged and deformed into a shape-memory material 
for vascular ligation (4) in the shape of large diameter ring, i.e., having an inner diameter enlarged 3- to 10-foid, by a 
convenient procedure, for example, insertion of an enlarging rod (101) through the molded article (4a) as described 
above. When the shape-memory material (4) is enlarged less than 3-fold, it cannot be well put into the blood vessel. 
so When the shape-memory material (4) is excessively enlarged (i.e., more than 10-fold), it is feared that the shape- 
memory material (4) might suffer from deterioration In the strength due to heterogenization. Thus, both of these cases 
are undesirable. 

[0083] In this embodiment, the original molded arttole (4a) and the enlarged and defomned shape-memory material 
(4) are both In the shape of round rings. However, it is needless to say that these rings maybe out of round (for example, 
55 ellipse, polygons including triangle and the like). 

[0084] Fig. 8 is a diagram which illustrates a shape-memory material for vascular ligation according to another em- 
bodiment of the present invention. 

[0085] This shape-memory material for vascular ligation (5) is prepared by enlarging and deforming a molded article 
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(5a) made of a tactic acid-based poiymer in the shape of small diameter pipes into another molded article (5b) in the 
shape of large diameter pipes at a temperature (Tf) higher than the glass transition temperature (Tg) thereof but lower 
than the crystallization temperature (Tc) thereof (or 1 0O^'C when the molded article has no crystallization temperature) 
and then fixing said molded article (5b) to the shape of large diameter pipes by cooling it as such to a temperature 

5 lower than the glass transition temperature followed by cutting into round slices to give large diameter rings. 

[0086] When heated to the defomnation temperature (Tf) or above, the shape-memory material for vascular ligation 
(5) in the shape of large diameter rings can be recovered to the shape of small diameter rings obtained by cutting the 
original molded article (5a) in the shape of small diameter pipes Into round slices. This shape-memory material for 
vascular ligation (5) in the shape of a large diameter ring is put into the end of a blood vessel and. reheated by bringing 

10 Into contact with a hot air stream or hot water (sterilized physiological saline) at defomnatlon temperature (Tf) or above. 
As a result, It is immediately recovered to the original shape of a small diameter ring and thus the end of the blood 
vessel can be tightly ligated, thus achieving stanching. 

[0087] The Inner diameter of the original molded article (5a) In the shape of small diameter pipes should be regulated 
to about 0.1 to 1 .5 mm by taking the size of the blood vessel to be ligated into consideration. It is desirable that the 

IS molded article (5a) has a crimpy inner face so as to improve its llgating perfomnance. Similar to the above-mentioned 
case, it Is preferable that the original molded article (5a) is enlarged and deformed into a molded article (5b) in the 
form of large diameter pipes so that the inner diameter is enlarged 3- to 10-fold. It is sufficient that the width of the 
shape-memory material (5) in the shape of large diameter rings ranges from about 0.3 to 5 mm. 
[0088] Fig. 9 is a diagram which illustrates a shape-memory biodegradable and absorbable material for tendon flx- 

20 atlon (hereinafter refen-ed to as "shape-memory material for tendon fixation ") according to another embodiment of the 
present Invention, while Fig. 10 Is a diagram which illustrates how to use it. 

[0089] This shape-memory material for tendon fixation (6) is prepared by drawing and defomiing a molded article 
{6a) made of a lactic acid-based polymer in the shape of almost square small pipes having a flat opening area into 
another molded article (6b) in the shape of longer pipes having a small opening area at a temperature higher than the 

25 glass transition temperature (Tg) thereof but lower than the crystallization temperature (Tc) thereof (or lOO^'C when 
the molded article has no crystallization temperature), then fixing said molded article (6b) to the shape by cooling It as 
such to a temperature lower than the glass transition temperature (Tg), next extending and defonning the molded 
article (6b) into another molded article in the shape of almost square pipes with a larger opening at a temperature (Tf2) 
higher than the glass transition temperature (Tg) but lower than the fomier defonnation temperature (Tf1), and then 

30 fixing said molded article to the shape by cooling it as such to a temperature lower than the glass transition temperature 
(Tg). 

[0090] When the temperature of the shape-memory material fortendon fixation (6) exceeds the second deformation 
temperature (Tf2) in the course of reheating to the first defomnatlon temperature (Tfl) or above, it can be recovered 
to the shape of the intermediate molded article (6b) of longer small diameter pipes. When heating is further continued 
35 and the temperature thereof exceeds the first defonnation temperature (Tfl ), it can be finally recovered to the shape 
of the original molded article (6a). 

[0091] As Fig. 10 shows, both ends of incised belt-like tendon sections (103, 103) are inserted from both openings 
of the shape-memory material fortendon fixation (6). Next, the shape-memory material fortendon fixation (6) is heated 
again. Thus, the shape-memory material (6) is constricted both lengthwise and breadthwise and thus recovered to the 
40 molded article (6b) in the shape of a long, flat and almost square pipe having a smalt opening areas and, therefore, 
the tendon sections (1 03, 1 03) are tightly held and fixed thereby. Subsequently, it is constricted lengthwise while tightly 
holding the tendon sections (103, 103) and recovered to the original molded article (6a) in the shape of a short, flat 
and almost square pipe having a small opening area. Thus, the tendon sections (103, 103) can be brought close 
together and fixed. 

45 [0092] To ensure the tight holding and fixation of the belt-like tendon sections (1 03), it is necessary that the original 
molded article (6a) is in the fomn of a flat and almost square pipe having a smaller size (length and width) than that of 
the tendon (103). More particularly speaking, it is preferable that the molded article (6a) is in the shape of a fiat and 
almost square pipe of 2 to 10 mm in Inner length, 7 to 30 mm In inner width and 0.1 to 3 mm In thickness. It is also 
preferable that this molded article (6a) has a crimpy inner face so as to improve the perfomnance of holding and fixing 

50 the tendons. 

[0093] It is preferable that the first draw-defonnation is carried out so that the molded article (6a) Is lengthened 1 .5- 
to 10-fold, preferably about 2- to 6-fo!d. Similarly, it is preferable that the second extend-deformation is can-led out so 
that the molded article (6b) Is extended about 3- to 1 0-fold, in length and width. Similar to the above-mentioned case 
of the shape-memory material for vascular anastomosis (3), the difference between the first defonnation temperature 
55 (Tfl) and the second deformation temperature (Tf2) should be at least 10°C, preferably 20 to 30*0. 

[0094] The shape-memory material for tendon fixation (6) according to this embodiment Is subjected to defonnation 
twice, as described above. It is also possible that the original molded article (6a) in the shape of flat and almost square 
pipes with a small opening area is enlarged and def onned lengthwise and breadthwise once by heating to a temperature 
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(Tf) higher than the glass transition temperature (Tg) thereof but lower than the crystallization temperature (To) thereof 
(or 1 0O^C when the molded article has no crystallization temperature) and then cooled to give a shape-memory material 
In the shape of almost square pipes having an opening area larger than that of the original molded article (6a). When 
reheated to the glass transition temperature or above, this shape-memory material for tendon fixation, which has been 
5 merely enlarged and defomned. can be constricted lengthwise and breadthwise and thus recovered to the original 
shape-memory biodegradable and absorbable material (6a) in the shape of flat and almost square pipes. In this case, 
incised tendons can be tightiy held and fixed thereby too. 

[0095] Fig. 1 1 is a diagram which illustrates a shape-memory material for tendon fixation according to another em- 
bodiment of the present Invention. 

10 [0098] In this shape-memory material for tendon fixation, a number of V-shaped cut and lifted portions (61 ) toward 
the inner side are fomned on the top and bottom faces of the above-mentioned shape-memory material for tendon 
fixation (6) in the shape of an almost square pipe having a large opening area. These cut and lifted portions (61) are 
heated to the glass transition temperature (Tg) or above and the cut and lifted portions are constricted and recovered 
followed by solidification by cooling. 

IS [0097] When this shape-memory material for tendon fixation (6) Is recovered to the original shape by reheating so 
as to fix tendons, the cut and lifted portion (61 ), which have been preliminarily constricted and solidified, strike through 
the top and bottom faces, thus achieving an advantage of surely preventing the tendons from falling off after the com- 
pletion of the fixation. 

[0098] As Fig. 11 shows, It is preferable that the tip of each of the V-shaped cut and lifted portion (61) is located 
20 toward the center of the shape-memory material (6), since the cut and lifted portions can well strike through tendons 
and thus achieve an Improved effect of preventing the tendons from falling off. 

[0099] Further illustration on the constitution of this shape-memory material for tendon fixation is omitted, since it is 
the same as that of the shape-memory material for tendon fixation (6) as described above. 

[0100] Fig. 12 is a diagram which illustrates a shape-memory biodegradable and absorbable material for suture 
25 (hereinafter referred to as "shape-memory material for suture") according to another embodiment of the present in- 
vention, while Fig. 13 is a diagram which Illustrates how to use the same. 

[0101] This shape-memory material (7) for suture is made of a molded article of a lactic acid-based polymer in the 
shape of opened-out rings. When it is heated to a defomriatlon temperature [i.e., the defomnation temperature (Tf) as 
will be described hereinafter], it can be recovered to the memorized shape of opened-out small diameter rings without 

30 applying any extemal force thereto. 

[0102] Namely, this shape-memory material for suture (7) Is prepared by enlarging and defomning a molded article 
(7a) made of a lactic acid-based polymer in the shape of small diameter rings into another molded article (7b)in the 
shape of large diameter rings at a temperature higher than the glass transition temperature (Tg) thereof but lower than 
the crystallization temperature (Tc) thereof (or 100^*0 when the molded article has no crystallization temperature) , 

35 opening-out said molded article (7b) in the shape of large diameter rings, bending a part of the thus opened-out molded 
article (7c) so as to match with a suture needle to give a hook (71 ), and then fixing It to this shape by cooling it as such 
to a temperature lower than the glass transition temperature (Tg). 

[0103] When heated again to the definite temperature (Tf) or above, the shape-memory material for suture (7) can 
be recovered to the fomrier molded article (7a) in the shape of small diameter rings having been opened-out. As Fig. 

40 13 shows, the hook (71) of this shape-memory material for suture (7) is provided with a suture needle with which an 
incised site (1 04) of a living body is sewed in the desired stitches. Thus the incised site (104) Is tentatively sewed up 
by passing the shape-memory material (7) through both ends thereof, subsequently, the shape-memory material (7) 
Is reheated to the deformation temperature (Tf) or above with a heat source (hot water, hot air stream, etc.). Then the 
shape-memory material (7) Is quickly recovered to the original molded article (7a) in the shape of opened-out small 

45 ^ diameter rings. Thus, the incised site (1 04) can be conveniently sewed up without fail. 

' [0104] To tightly sew up the incised site (104), it is preferable that the original molded article (7a) in the shape of 
small diameter rings has an inner diameter of from about 0.1 to 5 mm, an outer diameter of from about 0.3 to 7 mm 
and a length of from about 0.3 to 5 mm. It Is also preferable that the molded article (7a) Is enlarged and defomned so 
that the molded article (7b) in the shape of large diameter rings has an inner diameter 3 to 7 times larger than that of 

50 the molded article (7a). In this embodiment, the original molded article (7a) and the enlarged and defomned one (7b) 
are both in the shape of round rings. However, it is needless to say that these rings may be out of round (for example, 
ellipse, polygons including triangle and the like). It is desirable that original molded article (7a) Is in the shape of opened- 
out small diameter rings wherein both ends of the opened-out part overiap each other. This is because the Incised site 
(104) can be sewed up more tightly after the molded article is recovered to the original shape by reheating. 

55 [0105] In this embodiment, an end of the molded article {7c) in the shape of opened-out large diameter rings is bent 
to fonn the hook (71). Alternatively, the molded article (7a) In the shape of small diameter rings may be enlarged and 
deformed into the molded article (7b) in the shape of large diameter rings at the above-mentioned defonnation tem- 
perature (Tf) followed by cooling it as such to a temperature lower than the glass transition temperature (Tg) to thereby 
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fix the shape. Then It is opened-out as done in the case of the molded article (7c) to give a shape-memory material 
for suture. 

[0106] Fig. 14 is a diagram which illustrates a shape-memory material for suture according to another embodiment 
of the present invention. This shape-memory material for suture (70) is made of a lactic acid-based polymer in the 
5 shape of yams. When It is heated to a deformation temperature p.e.. the defonmatlon temperature (Tf) as will be de- 
scribed hereinafter), It can be shortened to the memorized shape of thick yams without applying any external force 
thereto. 

[0107] This shape-memory material for suture (70) is prepared by processing a lactic acid-based polymer Into a 
molded article (70a) in the shape of thick yams by, for example, melt-extrusion molding, drawing and defomiing the 

10 molded article (70a) Into another molded article In the shape of yams longer and thinner than the above ones at a 
temperature higher than the glass transition temperature (T g) thereof but lower than the crystallization temperature 
(Vc) thereof (or 1 00*^0 when the molded article has no crystallization temperature) and then fixing said molded article 
to the shape of thin yarns by cooling it as such to a temperature lower than the glass transition temperature (T g). 
[01 08] This shape-memory material for suture (70) in the shape of yams Is used in sewing incised sites in vivo similar 

IS to the conventional suture yams. However, it Is unnecessary to closely tie up these yarns, as done In the existing cases. 
That is to say, an incised site is loosely sewed up with such a yarn of the shape-memory material (70) tentatively. Next, 
the shape-memory material (70) is reheated by bringing Into contact with hot air stream or hot water (sterilized phys- 
iological saline) at the glass transition temperature (Tg) or above. Thus, the shape-memory material (70) is immediately 
recovered to the original shape of thick yam and thus the Incised site can be fastened, thus considerably relieving the 

20 tabor for sewing. 

[0109] It is appropriate that the original molded article (70a) in the shape of yarns has a diameter of about 0.2 to 1 
mm, since yams of such size have a sufficient tensile strength and suffer from no trouble of cutting. It is also preferable 
that the molded article (70a) is drawn and deformed 1 .5- to 10-fold, still preferably 2- to 6-fold. 
[0110] In this embodiment, the original molded article (70a) and the shape-memory material (70) for suture are both 

25 in the shape of yams with round section. However, these yarns may have oval or rectangular sections. To obtain a 
shape-memory material for suture In the shape of yarns with rectangular section, it is appropriate that the original 
molded article with rectangular section has a thickness of from 0.2 to 0.4 mrfi and a width of from about 0.5 to 1 .5 mm. 
[0111] Fig. 15 is a diagram which illustrates a shape-memory biodegradable and absortDable material for bone fixation 
and union (hereinafter referred to simply as "shape-memory material for bone fixation") according to another embod- 

30 iment of the present invention, while Fig. 16 is a diagram which illustrates the compression deforming of the above 
shape-memory material and Fig. 17 Is a diagram which Illustrates how to use the above shape-memory material. 
[0112] This shape-memory material for bone fixation (8) is a molded article made of a lactic acid-based polymer In 
the shape of bars. When it is heated to a defonmation temperature [i.e., the defonnation temperature (Tf) as will be 
described hereinafter], it can be recovered to the memorized shape of thick and short bars, compared with those before 

35 reheating, without applying any external force thereto. 

[01 13] This shape-memory material for bone fixation (8) is prepared by compressing and defomiing a molded article 
(8a) made of a lactic acid-based polymer in the shape of thick and round bars into another molded article in the shape 
of round bars longer and thinner than said ones at a defomnation temperature higher than the glass transition temper- 
ature (Tg) thereof but lower than the crystallization temperature (Tc) thereof (or 1 0O^'C when the molded article has no 

40 crystallization temperature) and then fixing said molded article to the shape of thin and round bars by cooling it as such 
to a temperature lower than the glass transition temperature (Tg). 

[01 14] When this shape-memory material for bone fixation (8) is heated to the defonnation temperature (Tf) or above, 
It Is Immediately recovered to the original molded article (8a) in the shape of thick and round bars. As Fig. 1 7 shows, 
therefore, this shape-memory material for bone fixation (8) is used as a substitute for conventional intemnedually nails. 

45 Namely, the shape-memory material (8) is inserted equally into the marrow cavities (1 06a, 1 06a) of both sections (1 06, 
106) of a broken or Incised bone. Then this shape-memory material Is reheated by, for example, bringing Into contact 
with hot water (sterilized saline) at the defomnatlon temperature (Tf) or above. As a result, the shape-memory material 
for bone fixation (8) is recovered to the original molded article (8a) In the shape of a thick and round bar and comes 
in contact closely to the inner faces of the marrow cavities (106a, 106a). Namely, the shape-memory material (8) is 

50 fixed tightly and cannot fall off. Thus, the bone sections (1 06, 1 06) can be easily and surely fixed together. 

[0115] It Is also possible to use this shape-memory material for bone fixation (8) as a substitute for conventional 
bone fixation pins. In this case, holes having a diameter somewhat larger than the shape-memory material for bone 
fixation (8) are fomned In the bone section to be fixed. Then the shape-memory material (8) Is Inserted into the holes 
and reheated in the same manner as the one described above. Thus, the shape-memory material is recovered to the 

55 original shape so as to fix the bone section. 

[0118] The original molded arttole (8a) In the shape of thick and round bars may be fonmed by various molding 
methods, for example, melt molding, injection molding or press molding. It may be as large as the conventional In- 
temnedually nails or bone fixation pins. 
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[0117J For the compression deforming of the original molded article (8a), for example, the procedure shown In Fig. 
16 may be appropriately used. In this compression defomning procedure, a mold (1 05) Is used In which coaxially pro- 
vided with a large diameter cylindrical holding cavity (105a) having a large cross-sectional opening area and a small 
diameter cylindrical, bottomed molding cavity (105c) having a small cross-sectional opening area and a contraction 

5 part (1 05b) having an Inner face tapered toward the bottom which is located between the two cylindrical cavities (1 05a, 
1 05 c). The molded article (8a) is introduced into the holding cavity (1 05a). Next, the molded article (8a) is continuously 
or intermittently pressing Into the molding cavity (1 05c) by a pressing male die (1 05d) at the defomnation temperature 
(Tf) as described above and then fixed to the shape by cooling as such to thereby give a shape-memory material (8) 
in the shape of thin and round bars. 

10 [01 18] In this procedure, it is preferable that the opening area ratio of the holding cavity (1 05a) to the molding cavity 
(105c) Is controlled within a range of from 1.5 to 6.0 so as to regulate the defonnatlon ratio [i.e., sectional area of 
molded article (8a)/sectional area of shape-memory material (8)] substantially from 1 .5 to 6.0. When the defomnation 
ratio is less than 1 .5, the resultant shape-memory material has only an insufficient effect of shape-recovery. When the 
deformation ratio exceeds 6.0, on the other hand, there arises another problem that the material becomes porous or 

15 fibrous, i.e., heterogenization. 

[0119] It is highly useful to add to this shape-memory material for bone fixation (8) from 10 to 60 % by weight, 
preferably 20 to 50 % by weight, of a biologically active bioceramics powder. When the bioceramics powder-containing 
shape-memory material for bone fixation (8) thus obtained is inserted Into a marrow cavity or a hole fomned by drilling 
as described above, it is well closed to the surrounding tissues due to the shape- recovery. As a result, the bioceramics 

20 powder exposed on the surface of the shapennemory material (8) or exposed therefrom due to hydrolysis contributes 
to the fomnation of the bone tissues on the surface of the shape-memory material (8) at a high reproducibility. Thus, 
the shape-memory material (8) can be attached and fixed to the bone within a short period of time. 
[0120] As the bioceramics powder, the above-mentioned ones may be used. Among all, neither calcined nor sintered 
hydroxyapatite and tricalcium phosphate are highly useful therefor, since these bioceramics powders show excellent 

25 capability of Inducing and fomnlng bone tissues and have been employed In practice frequently. 

[0121] In this embodiment, the original molded article (8a) and the shape-memory material for bone fixation (8) are 
both in the shape of round bars. When employed as, for example, a substitute of intermedually nails, however, these 
materials may be in the shape of square bars or appropriately curved ones. That is, they may have any sectional shape 
or curved fonm, so long as they are hollow and long bars. 

30 [0122] Fig. 18 is a diagram which illustrates a shape-memory biodegradable and absortDable material for fixing a 
bone plate for fracture flxation(hereinafter referred to simply as "shape-memory material for fixing a bone plate) ac- 
cording to another embodiment of the present Invention, while Fig. 19 is a diagram which illustrates how to use the 
above shape-memory material. 

[0123] This shape-memory material for fixing a bone plate (9) is obtained by cutting the above-mentioned shape- 

35 memory material for bone fixation (8) In the shape of round bars to give tapered pins wherein the diameter of one end 
is smaller than that of another end. When this shape-memory material (9) Is reheated to the above-mentioned defor- 
mation temperature (Tf) or above, it Is contracted lengthwise but enlarged breadthwise, as shown by the alternate long 
and short dash line. Thus it is recovered to the shape of short tapered pins having a large diameter. 
[0124] This shape-memory material (9) in the shape of tapered pines Is usable as bone fixation pins as such. It is 

40 still preferable to use it in fixing a bone plate (1 07), as Fig. 1 9 shows. 

[01 25] Plural holes (1 06b) having a diameter somewhat larger than that of the shape-memory material (9) are fornied 
In a bone (106). Then the shape-memory material (9) in the fornn of a tapered pin is inserted Into each hole (106b) 
while making the end with a larger diameter downward. Next, a bone plate (1 07) provided with holes (1 07a) as many 
as the above-mentioned holes (106b) is placed thereon and the top of each tapered pin of the shape-memory material 

45 (9) coming out from the surface of the bone (106) is put into each hole (107a) in the bone plate (1 07). Afterthus setting 
the bone plate (107), the shape-memory material (9) is brought Into contact with a heat source such as hot water 
(physiological saline) at the deformation temperature (Tf) or above for the shape-recovery. Thus, the shape-memory 
material (9) Is close to both of the holes (106a) In the bone (106) and the holes (107a) In the bone plate (1 07) and, 
therefore, the bone plate (1 07) is fixed onto the surface of the bone (1 06). Next, a preheated iron (1 08) is pressed onto 

50 the top of each tapered pin of the shape-memory material (9) coming out from the surface of the bone plate (107) so 
that the top surface of the shape-memory material (9) and the surface of the bone plate have the same heights. Alter- 
natively, it is also effective that the pin top Is preliminarily processed so as to memorize a shape ensuring the fixation 
of the plate (107). 

[01 26] It is still efficacious to add the above-mentioned bioceramics powders to the shape-memory material for fixing 
55 bone plate (9) to thereby accelerate the fixation of the plate and the bone (106). 

[01 27] Fig. 20 is a diagram which illustrates a shape-memory material for bone fixation according to another embod- 
iment of the present Invention, while Fig. 21 is a diagram which illustrates how to use the above shape-memory material. 
[0128] This shape-memory material for bone fixation (1 0) prepared by cutting a cylindrical molded block (1 Od) made 
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of a lactic acid-based polymer Into a molded article (10c) in the shape of a cylinder (10a) provided with two or more 
(eight in this embodiment) inclined amns (10b) projecting from the peripheries of both ends thereof, defomning this 
molded article (1 Oc) at a temperature (TO higher than the glass transition temperature (Tg) thereof but lower than the 
crystallization temperature (Tc) thereof (or 100*C when the molded article has no crystallization temperature) so that 
5 each arm (1 Ob) is bent inside at the base in parallel to the axis of the cylinder (1 Oa) and then fixing said molded article 
to said shape by cooling it as such to a temperature lower than the glass transition temperature. 
[0129] When this shape-memory material for bone fixation (10) is reheated to the above-mentioned defomaation 
temperature (Tf) or above, it is recovered to the original molded article (1 Oc) wherein each inclined ami (1 Ob) projects 
outside. 

10 [01301 This shape-memory material for bone fixation (1 0) is used as, for example, a substitute for conventional Her- 
bert screws or the like. As Fig. 21 shows, this shape-memory material (1 0) Is inserted Into holes (1 06c, 1 06c) whichhave 
been fomnedby drilling the faces of bone fragments (1 06, 1 06) to be fixed. Next, it is heated by hot water (physiological 
saline, etc.) to the above-mentioned detonnation temperature (Tf) or above. Thus, the shape-memory material (10) is 
recovered to the original molded article (1 Oc) wherein each inclined arm (1 Ob) projects outside. Since the tips of each 

IS ami (10b) are fixed in contact with the Inner faces of both holes (106c. 106c), the bone sections (106, 106) can be 
easily fixed together. 

[0131 ] As Fig. 20 shows, it is preferable that in this shape-memory material for bone fixation (10), each amn (1 Ob) is 
provided with a click extended outside. Owing to provision of such a click, the inner face of the hole (106c) can well 
hung up and thus the bone sections (106, 106) can be fixed together more tightly. 
20 [0132] It is also desirable to add to this shape-memory material for bone fixation (1 0) the above-mentioned biocer- 
amics powders so as to accelerate the fixation of the bone (106). 

[0133] Fig. 22 is a diagram which illustrates a shape-memory biodegradable and absortDable material for preventing 
bone cement or small pieces of bone in marrow cavity from leakage (hereinafter referred to simply as "shape-memory 
material for preventing bone cement in marrow cavity from leakage ") according to another embodiment of the present 

25 invention, while Fig. 23 is a diagram which illustrates how to use the above shape-memory material. 

[0134] This shape-memory material for preventing bone cement In marrow cavity from leakage (11) prepared by 
cutting a cyllndrteal molded block (lid) made of a iactic acid-based polymer to give a molded article (1 1 c) in the shape 
of a cylindrical plug (11a) having a hemispherical bottom and provided with two or more (four in this embodiment) petal- 
like Inclined projections {11b) extended from the periphery of the upper face thereof, then bending and defonning this 

30 molded article (11c) at a temperature higher than the glass transition temperature (Tg) thereof but lower than the 
crystallization temperature (Tc) thereof (or 100'C when the molded article has no crystallization temperature) so that 
each petal-like projection (lib) is bent inside at the base in parallel to the axis of the cylinder (11a) and then fixing said 
molded article to said shape by cooling It as such to a temperature lower than the glass transition temperature. 
[0135] When this shape-memory material for bone fixation (11) is reheated to the above-mentioned defonnation 

35 temperature (Tf) or above, it is quickly recovered to the original molded article (1 1 c) wherein each petal-like projection 
(lib) is inclined outside. As Fig. 23 shows, this shape-memory material for preventing bone cement In man^ow cavity 
from leakage (1 1 ) Is inserted Into the marrow cavity (1 06a) of a bone (1 06) and then reheated by hot water (physiological 
saline, etc.) to the above-mentioned defomnatlon temperature (Tf) or above. Thus, the shape-memory material (11) is 
recovered to the original molded article (11c) wherein each petal-like projection (lib) is inclined outside. Thus, the tip 

40 of each petal-like projection (1 1 b) is fixed In contact with the Inner face of the man-ow cavity (1 06a). 

[0136] After the shape-memory material (1 1 ) is recovered to the original shape and fixed In the marrow cavity (1 06a), 
a bone cement (108) is poured from the top of the manrow cavity (106a). Thus, the bone cement (108) is prevented 
from flowing out downward by each petal-like projection (11b). When an artif telal joint stem (not shown) is inserted into 
the marrow cavity (1 06a) filled with the bone cement (1 08), the stem can be surely fixed by the bone cement (1 08). 

45 [0137] It is also desirable to add to this shape-memory material for preventing bone cement In marrow cavity from 
leakage (11) the above-mentioned bioceramics powders so as to accelerate the fixation of the bone (106). It is also 
desirable to fomri a click projecting outside on the tip of each petal-like projection (lib) so that the inner face of the 
man'ow cavity (106a) can well hung up. 

[0138] The size of each part of the original molded article (11c) may be appropriately determined depending on the 

50 size of the man*ow cavity into which it Is to be inserted. 

[0139] Fig. 24 Is a diagram which illustrates a shape-memory biodegradable and absort)able material for preventing 
vascular reconstrictlon (hereinafter referred to as "shape-memory material for preventing vascular reconstriction") ac- 
cording to another embodiment of the present Invention, while Fig. 25 Is a diagram which illustrates how to use the 
above shape-memory material. 

55 [0140] This shape-memory material for preventing vascular reconstrictlon (12) is prepared by defomning a molded 
article (12a) made of a lactic acid-based polymer in the shape of a perforated cylinder with a number of pores {12b) 
into another molded article In the shape of a folded cylinder at a temperature higher than the glass transition temperature 
(Tg) thereof but lower than the crystallization temperature (Tc) thereof (or 100^*0 when the molded article has no crys- 
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talllzatlon temperature) and then fixing said molded article to said shape by cooling It as such to a temperature lower 
than the glass transition temperature. 

[01 41 J When this shape-memory material for preventing vascular reconstriction (1 2) is reheated to the above-men- 
tioned defomiation temperature (TT) or above, it Is recovered to the original molded article (12a) in the shape of a 

5 perforated cylinder. Thus, this shape-memory material for preventing vascular reconstriction(12) is usable as a sub- 
stitute for a conventional stent for preventing vascular reconstriction. As Fig. 25 shows, the shape-memory material 
(12) is inserted into a blood vessel (110) such as the coronary artery and then reheated by hot water (physiological 
saline, etc.) to the above-mentioned defomiation temperature (Tf) or above. Thus, the shape-memory material (12) Is 
recovered to the original cylindrical molded article (12a) and extend the inner space of the blood vessel (110), thus 

10 preventing vascular reconstriction. 

[01421 It is also possible that the shape-memory material (12) for preventing vascular reconstriction contains a vas- 
cular reconstriction inhibitor which is released at a constant rate from the shape-memory material when it is fixed in 
the blood vessel (110) as described above. When this shape-memory material (12) contains a drug, it is preferable to 
prepare the original perforated molded article (1 2a) in the shape of a cylinder by the following method. This is because, 

15 when, the molded article (12a) Is prepared by mett-extrusion molding, etc., there arises a serious fear that the drug 
might be deteriorated at the high molding temperature. 

[0143] That is to say, a lactic acid-based polymer and a drug are dissolved in a solvent to give a polymer solution. 
Then, the obtained solution is sprayed onto a core (1 09) and the solvent Is vaporized to thereby form a thick cylindrical 
film around the core (109). Next, a number of holes (12b) are fomied on this cylindrical film and then the core Is taken 

20 off to thereby give a molded article (12a) In the shape of a perforated cylinder. 

[0144] In this case, a foamed molded article In the shape of a perforated cylinder of an open cell structure can be 
obtained by dissolving the lactic acid-based polymer and the drug in a mixture of a solvent in which the lactic acid- 
based polymer Is soluble and a non-solvent having a boiling point higher than that of the solvent. When a shape- 
memory material for preventing vascular reconstriction obtained by bending such a foamed molded article In the shape 

25 of a perforated cylinder Is fixed In a blood vessel via shape-recovery, there are achieved advantages that hydrolysis 
proceeds quickly and thus the drug can be released at an Increased amount. This Is because the foamed molded 
article has a much larger surface area than non-foamed ones. 

[0145] In this embodiment, the shape-memory material for preventing vascular reconstriction (12) is obtained by 
bend-deforming the original molded article (12a) in the shape of a perforated cylinder. Alternatively, it Is also possible 

30 to subject a net or mesh cylinder to bend-defomning In the same manner. Moreover, It is also possible to produce shape- 
memory materials for preventing vascular reconstriction by preparing an original molded article in the shape of a large 
diameter coll (helix) and deforming by constriction (tensile) It into a small diameter coil (helix). It is also possible to 
produce a shape-memory material for preventing vascular reconstriction by preparing an original molded article In the 
shape of a coil (helix) and then deforming into the shape of yams by extension. These materials in the shape of small 

35 diameter colls or yams have an advantage that It can be easily inserted into blood vessels. 

[0146] Figs. 26 and 27 are diagrams which Illustrate each a hemisphere cup shape-memory biodegradable and 
absorbable material relating to a liner located between an artificial hip joint outer head and an acetabular bone (here- 
inafter refen-ed to as "hemisphere cup shape-memory material for an artificial hip joint') according to another embod- 
iment of the present Invention, while Fig. 28 Is a diagram which illustrates how to use the above shape-memory material, 

40 [0147] This hemisphere cup shape-memory material for an artificial hip joint (13) is a molded article made of a lactic 
acid-based polymer preferably containing a bloceramics powder. As Fig. 26 shows, the hemisphere cup shape-memory 
material (1 3a), which has the same shape, though smaller, as that of the outer head (111a) of an artificial hip joint (111), 
Is put on a hemisphere mold larger than the outer head (1 1 1 a) and then heated to a temperature (Tf) higher than the 
glass transition temperature (Tg) thereof but lower than the crystallization temperature (Tc) thereof (or lOO'C when 

45 the molded article has no crystallization temperature) to thereby enlarge and deform, followed by fixing saldmolded 
article to said shape by cooling it as such to a temperature lower than the glass transition temperature. 
[0148] When this hemisphere cup shape-memory material (13) is reheated to the defomiation temperature (Tf) or 
above, It Is recovered to the original hemisphere cup molded article (13a) with a smaller size. As Fig. 27 shows, when 
this hemisphere cup shape-memory material (1 3) is put on the outer head (111a) and reheated by bringing it Into contact 

50 with hot water (physiological saline) at the defomiation temperature (Tf) or above, this shape-memory material (13) 
tries to recover the original hemisphere molded material (13a) with a smaller size than the outer head (111a). As a 
result, It Is tightly fixed and closed to the outer head (111 a). 

[0149] As Fig. 28 shows, this hemisphere cup shape-memory material (1 3) is employed as a spacer for filling up the 
space between the outer head (111a) and an acetabular bone (111b). Thus, it is preferably a porous hemisphere cup 
55 Shape-memory material (13). This porous hemisphere cup shape-memory material (13) can be obtained by dissolving 
a lactic acid-based polymer in a mixture of a solvent in which the lactic acid-based polymer Is soluble and a non-solvent 
having a boiling point higher than that of the solvent, then applying or spraying the obtained solution onto a hemisphere 
material, and volatilizing the solvent to give a hemisphere cup porous molded article (13a). Next, this hemisphere cup 
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porous molded article (13a) Is enlarged by putting on a hemisphere mold larger than the outer head (111a) under the 
temperature condition as specified above to give a porous hemisphere cup shape-memory material (13). 
[0150] When this porous hemisphere cup shape-memory material (13) is reheated, it is recovered to the original 
porous hemisphere cup molded article (13a) and thus can be tightly fixed and closed to the outer head (111a), similar 
to the above case. 

[0151] In Fig. 28, the numerical symbol 14 means a porous and cylindrical shape-memory biodegradable and ab- 

sortDable material prepared by coating an artificial hip joint stem (14a) with the shape-memory material. The porous 
and cylindrical shape-memory material (14) is formed by the same method as the one employed for preparing the 
shape-memory material for vascular anastomosis as shown in Fig. 1 . Then it is inserted into the stem (1 4a) and reheated 
to give the original cylindrical shape-memory material with a small diameter. Thus, it can be closed to the artificial hip 
Joint stem (14a). 

[0152] There are a great variety of artificial hip joints with various head sizes, surface conditions and fonns, as well 
as stems. By using the coating method as the one employed in the present invention, the shape-memory materials 
can be commonly applied to various parts (heads, stems, etc.) which con-espond to the recovery ratios obtained by 
heating during the surgical operation. The present invention is also efficaciously applicable to knee joints, etc. 
[0153] By adding a biologically active bioceramics powder to the outer head, a bone conduction function can be 
imparted. It is also possible to add a cytokine capable of inducing bone formation. Thus, it is expected that not only 
the acetabular bone would be attached to the metallic outer cup having been surface-treated with hydroxyapatite via 
the porous hemisphere cup shape-memory material but also the postoperative migration (sinking) in the acetabular 
bone side can be prevented. These phenomena would contribute to the design of novel artificial joints in future. 
[0154] Thus, the practical uses of the present Invention have been described above In detail. tHowever, It is needless 
to say that the present invention has various uses other than those cited above which are also involved in the scope 
of the present invention without departing from the spirit of the invention. 

[0155] To further Illustrate the present invention in greater detail, the following Examples will be given. 
[Example 1] 

[0156] DL-Lactide was subjected to ring-opening polymerization to give poly-D.L-lactic acids (PDLLA) having vis- 
cosity-average molecular weights of 400,000, 250,000, 150,000, 100,000 and 70, 000. These PDLLA were press- 
molded at 1 eO'^C and 1 00 kg/cm^ and thus 5 molded PDLLA articles in the shape of round bars (diameter = 1 0.0 mm, 
length = 20 mm) were obtained. The glass transition temperatures of these molded articles all fell within the range of 
from 50 to 56**C. 

[01 57] Next, these molded arttoles were each heated to eo^'C and defonned into molded articles in the shape of thin 
and round bars (diameter = 5.8 mm, length - 60 mm) by compression molding. Then the resultant molded articles were 
fixed to the shape by cooling as such at ordinary temperature to give 5 shape-memory biodegradable and absorisable 
materials with the memory of the original shape of the round bars. The sectional area and length of a shape-memory 
material were referred respectively to and L^ while the sectional area and length of the original molded article prior 
to the plastic defomiation were referred respectively to Sq and Lq. Then each shape-memory material showed a de- 
formation ratio of sectional area Hq = S^S^ = 3.0 and a deformation ratio of length Rl = Lq/L^ = 3.0. 
[0158] Subsequently, these shape-memory materials were each immersed in physiological saline at 65°C and thus 
recovered to the original shape. After the recovery, the sectional area S2 and length Lg were determined. Thus the 
recovery ratio of sectional area [(S2/S0) x 1 00] (%) and the recovery ratio of length HL^Lq) x 1 00] (%) were detemnined. 
Table 1 summarizes the results. 



[Table 1] 



PDLLA viscosity-average m.w, 
(xlO^) 


Degree of defomnation 
[Rs=RJ 


Sectional area recovery ratio 

P/o] 


Length recovery ratio 
[%] 


40 


3.0 


- 97.3 


96.7 


25 


3.0 


97.3 


97.3 


15 


3.0 


97.7 


98.0 


10 


3.0 


98.7 


98.8 


7 


3.0 


99.5 


99.5 



[0159] Each of the shape-memory materials with various molecular weights was immediately recovered to the original 
shape by immersing in physiological saline at SS^'C and showed a high recovery ratio of sectional area and a high 
recovery ratio of length of 96.7 % or above. Thus, it was confirmed that each shape-memory material was almost 
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compietety recovered to the original (undeformed) shape of round bars. 

[0160] The shape recovery ratios sonnewhat depended on molecular weight. This is seemingly because the fluidity 
of PDLLA was lowered with an increase in molecular weight and thus the internal strain was memorized at the plastic 
deformation of the original molded articles. However, it was considered that these shape-memory materials could 

5 substantially completely recovered to the original shape of round bars. 

[0161] It is well known that PDLLA obtained by ring-opening polymerization, which are amorphous polymers, are 
hydrolyzed more quicl<ly in wVothan poly-L-lactic acids (PLLA) which are crystalline polymers. Molded articles of PDLLA 
are inferior in strength to PLLA having a high strength with orientated molecular chains (crystalline axes). . When proc- 
essed by orientation, etc., PDLLA sometimes undergoes orientation of the amorphous phase and the partially crystalline 

10 phase, which results in a somewhat increase In its strength. This phenomenon largely depends on the ratio of the D- 
isomer to the L-isomer (one of them Is used In a higher content), the type of the copolymer, the ratio of the monomers 
and molecular weight. 

[0162] The necessary strength, the time of sustaining the same, the absorption rate, etc. of a shape-memory material 
can be altered by varying these factors. Also, the degradation rate can be regulated by controlling the contents of the 
15 lactide monomers in the polymer. 

[Example 2] 

[0163] D-Lactide and L-lactlde were polymerized at a weight ratio of 25 : 75, 40 : 60 and 50 : 50 to give 3 PDLLA 
20 having a viscosity-average molecular weight of 150, 000. These PDLLA were press-molded at 160'C and 1 00 kg/cm^ 

and thus 3 molded PDLLA articles In the shape of round bars (diameter - 10.0 mm. length - 10 mm) were obtained. 

The glass transition temperatures of these molded articles all fell within the range of from 50 to 60*C. 

[0164] Next, these molded articles were each heated to 65°C and deformed into molded articles in the shape of thin 

and round bars (diameter = 5 mm, length = 40 mm) by plastic compression. Then the resultant molded articles were 
25 fixed to the shape by cooling as such at ordinary temperature to give 3 shape-memory materials (defomnation ratio: 

Rq =5 Rl = 4.0) with the memory of the original shape of the round bars. 

[01 65] Subsequently, these shape-memory materials were each immersed in physiological saline at 70**C, i.e., higher 
than the one employed in Example 1 . After the shape-recovery, the recovery ratios (the recovery ratio of sectional area 
and the recovery ratio of length) were detemnined. Table 2 summarizes the results. 

30 





[Table 2] 


D-Lactide/L-lactide 


Degree of deformation 


Sectional area recovery ratio 


Length recovery ratio 




[Rs = Rd 


[%] 


[%1 


25/75 


4.0 


95.5 • 


94.5 


40/60 


4.0 . 


96.0 


.95.3 


50/50 


4.0 


97.7 


98.0 



[0166] Each of the shape-memory materials was immediately recovered to the original shape by Immersing in phys- 
iological saline at 70''C. The shape-recovery ratios depended on the ratio of D-lactide to L-tactide at the polymerization. 
It was clarified that the sample with the equivalent ratio showed high recovery ratios, i.e., it could be easily recovered 
to the original (undeformed) shape. The reason therefor is seemingly as follows. In a PDDL containing either D-lactide 
or L-Iactide at a larger ratio, the polymer-constituting molecular chain had parts with consecutive L-lactic acid or D- 
lactic acid molecules and thus the polymer was slightly crystallized due to the formation of hydrogen bonds in Its 
molecular chain, which caused somewhat decrease in the recovery ratios at 70°C. 

[Example 3] 

[0167] D, L-lactic acid/glycolic acid copolymer (D, L-lactic acid : glycolic acid = 97.5 : 2.5) having a viscosity-average 
molecular weight of 200, 000 was press-molded at 180°C and 100 kg/cm^ to give a molded article in the shape of a 
round bar (diameter = 1 3.0 mm, length = 30 mm). The glass transition temperature of this molded article was SI'C. 
[0168] Next, this molded article was heated to 65*^0 and defomned into another molded article in the shape of a thin 
and round bar (diameter - 7.5 mm, length = 90 mm) by plastk: compression. Then the resultant molded artble was 
fixed to the shape by cooling as such to give a shape-memory material (defomnation ratio: Rg = Rl = 3.0) with the 
memory of the original shape of the round bar. 

[0169] Subsequently, this shape-memory material was immersed in physiological saline at 67<'C. After the shape- 
recovery, the recovery ratios (sectional area and length) were detemnined. Table 3 shows the results. 
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Uable 3] 





Degree of deformation 
[Rs = RJ 


Sectional area recovery ratio 
(%1 


Length recovery ratio 
[%] 


P(DLLA-GA) 
90/10 


3.0 


99.0 


98.0 



[0170] This shape-memory material was immediately recovered to the original shape by immersing in physiological 
10 saline at eZ'^C and showed a high recovery ratio of sectional area and a high recovery ratio of length of 98 % or above. 
Thus, it was almost completely recovered to the original (undeformed) shape of round bars. 

[Example 4] 

15 [0171] PLLA having a viscosity-average molecular weight of 100, 000 was mixed with PDLLA obtained by ring- 
opening polymerization of D,L-lactide and having a viscosity-average molecular weight of 100, 000 at a weight ratio 
of 70 : 30. The granules thus obtained were press-molded at IBS^'C and 100 kg/cm^ to give a molded article in the 
shape of a round bar (diameter =10 mm, length = 20 mm). The apparent glass transition temperature of this molded 
article was about 60"C. 

20 [01 72] Next, this molded article was heated to 85*0 and def omned into another molded article in the shape of a thin 
and round bar (diameter = 6.3 mm. length = 50 mm) by plastic compression. Then the resultant molded article was 
fixed to the shape by cooling as such to give a shape-memory material (defomiation ratio: R3 = R|_ = 2.5) with the 
memory of the original shape of the round bar. 

[0173] Subsequently, this shape-memory material was immersed in physiological saline at 85°C. After the shape- 
25 recovery, the recovery ratios (sectional area and length) were detemnined. Table 4 shows the results. 



[Table 4] 





Degree of deformation 
[Rs = RJ 


Sectional area recovery ratio 
[%] 


Length recovery ratio 

[%] 


PLLA/PDLLA 
70/30 


2.5 


94.8 


98.0 



[0174] This shape-memory material was immediately recovered to the original shape by immersing in physiological 
35 saline at 85°C. Although the recovery ratios were somewhat lower than those of the PDLLA of a viscosity-average 
molecular weight of 100,000 in Example 1 , it was almost completely recovered to the original (undeformed) shape of 
round bars. It was considered that the PLLA moiety in the shape-memory material was slightly crystallized due to the 
orientation at the plastic deformation in the step of the secondary deformation and thus the recovery ratios were some- 
what lower than those of the former one. 

40 

[Example 5] 

[0175] PDLLA obtained by polymerizing D-lactlde and L-lactide at a weight ratio of 50 : 50 and having a viscosity- 
average molecular weight of 1 50,000 (the one employed In Example 2) was dissolved in dichloromethane. Then neither 
45 calcined nor sintered hydroxyapatite (u-HA)was added to the solution. Subsequently, ethyl alcohol was added thereto 
under stirring to thereby copreclpitate PDLLA and u-HA. Next, the precipitate was taken up by filtration and completely 
dried to give two types of PDLLA granules wherein u-HA was unifonnly dispersed at a ratio of 40 % by weight or 50 
%by weight. 

[0176] These granules were press-molded under the same conditions as those employed in Example 2 to give 2 
so molded articles in the shape of round bars (diameter =10 mm, length = 10 mm). Next, these molded articles were 
heated to 70°C and defonned into molded articles (defonnation ratio: Rg = Rl = 2.8) in the shape of thin and round 
bars (diameter = 6.0 mm, length ~ 28 mm) by plastic compression. Then the resultant molded articles were fixed to 
the shape by cooling as such. Next, these molded articles were cut into tapered shape-memory pins (shape-memory 
materials) of two types (diameter at one end =1.2 mm, diameter at another end = 1 .5 mm, length = 25 mm). These 
55 tapered pins were immersed in physiological saline at 70*^0 and the shape-recovery tBtios (sectional area at one end, 
sectional area at another end, length) were detemnined. Table 5 summarizes the results. 
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[Table 5] 



5 




Degree of 
deformation 
[Rs = RJ 


Sectional area 
recovery ratio at one 
end 
[%] 


Sectional area 
recovery ratio at 
another end 
[%) 


Length recovery ratio 
[%1 




u-HA/PDLLA = 


2.8 


96.1 


96.1 


98.2 




40/60 (wt.%) 










10 


u-HA/PDLLA = 


2.8 


93.2 


92.9 


95.7 




50/50 (wt.%) 











[0177] Each tapered, shape-memory pin was recovered to the original shape of the thicl< and short tapered pin 
immediately after immersing in physiological saline at 70'C. It showed high shape-recovery ratios (about 93% or above 
15 in each of the sectional area at one end, sectional area at another end, and length). Thus, it was proved that a shape- 
memory material can be obtained from a composition of a bioceramics powder with PDLLA. 
[01 78] Next, it was attempted to use th e tapered, shape-memory pins made of the composite having an u-HA/PDDLA 
weight ratio of 50/50 as pins for fixing a bone plate. 

[0179] As Fig. 1 9 shows, 4 holes (1 06b) having a diameter of 2.0 mm were fomned in a white rabbit thigh bone (1 06) 
20 by drilling at intervals of 5 mm on a line. Then the tapered, shape-memory pins (9) made of the composition of u-H/V 
PDLLA (50/50 by weight) were Inserted respectively into the holes (9b) while making the end with a larger diameter 
downward. Next, a bone fixation plate (107) made of the composite of u-H/VPDLLA (50/50 by weight) and provided 
with 4 holes having a diameter of 2.2 mm at intervals of 5 mm on a line is placed thereon and the top of each tapered, 
shape-memory pin (9) coming out from the surface of the bone (1 06) is put into each hole (107a) In the bone plate 
25 (1 07). After thus setting the bone plate (1 07), physiological saline at 70*C was poured onto the tapered, shape-memory 
pins (9) to thereby recover the pins to the original shape. Thus, the plate (1 07) was fixed onto the surface of the thigh 
bone (106). Next, an iron (1 08) preheated to ISO^C was pressed onto the top of each tapered pin (9) coming out from 
the surface of the bone plate (107) to make the top of the pin and the surface of the bone plate flat. Thus, the plate 
(107) was fixed tightly. 

30 [0180] Subsequently, an attempt was made to detach the plate fixed onto the thigh bone, i.e., a detaching test. First, 
the thigh bone onto which the plate had been fixed was placed on a multi-purpose test machine. Then the fixed plate 
was fastened with a specific fastener and a stress was applied thereon in the direction of drawing the plate. As a result, 
the plate was not separated from the pins but the plate were broken. 

[0181] Thus, it was proved that these tapered, shape-memory pins made it possible to easily and surely fix bone 
35 plates to bones in vivo. This bone fixation method is highly convenient, compared with the conventional bone fixation 
method wherein a plate is fixed to a bone fracture site with screws. 

[Example 6] 

40 [0182] PDLLA having a viscosity-average molecular weight of 250,000 employed in Example 1 was press-molded 
at 1 eO'^C and 1 00 kg/cm^ to give a molded article in the shape of a round bar (diameter =15 mm, length = 50 mm). 
Next, as shown in Fig. 22. this molded article was cut into a molded article (11c) in the shape of a cylindrical plug (11a) 
provided with four petal-like inclined projections (11b) extended outside from the periphery of the upper face thereof. 
[01 83] Next, this molded article (1 1 c) was immersed in physiological saline at 60*C so that each petal-like projection 

45 (11b) was bent inside at the base in parallel to the axis of the cylinder (11a) followed by fixing said molded article to 
said shape by cooling it as such to give a shape-memory material for preventing bone cement in marrow cavity from 
leakage (11 ) with the memory of the original (undefomried) shape of the molded article (11c). 
[0184] This shape-memory material (11) was inserted into the marrow cavity of a white rabbit thigh bone and phys- 
iological saline at 60°C was poured onto the shape-memory material (11). Thus each petal-like projection (11b) of the 

50 shape-memory material (11) was recovered to the original (opened-out) shape and thus the shape-memory material 
(11 ) was fixed in the man-ow cavity. 

[0185] Subsequently, a bone cement (1 08) was poured into the marrow cavity which was placed vertically so that 
the plug was located at the bottom while the cement was located at the top. After hardening the cement, the thigh bone 
was vertically opened out to confirm the leakage of the cement from the marrow cavity. As a result, it was proved that 
55 the bone cement had been hardened In the marrow cavity above the shape-memory material (11) and no leakage 
occun^ed. The shape-memory material for preventing bone cement in marrow cavity from leakage (1 1 ) was tightly fixed 
in the marrow cavity. 
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[Example 7] 

[0186] A copolymer obtained by polymerizing L-lactide and D,L-lactide at a weight ratio of 95 : 5 and having a vis- 
cosity-average molecular weight of 150,000 was subjected to co-preclpitation with neither calcined nor sintered hy- 
5 droxyapatite (u-HA) in the same manner as the one described in Example 6. After drying, copolymer granules wherein 
u-MA was unifomnly dispersed at a ratio of 40 % by weight was obtained. 

[0187] These granules were press-molded at 185*0 and 100 kg/cm^ into a molded article In the shape of a round 
bar (diameter 10 mm, length = 40 mm). This molded article had an apparent glass transition temperature of 62°C. 
[0188] Next, this molded article was cut into a molded article (10c) (L: 35 mm, d : 3 mm, D : 5 mm) as shown in Rg. 
10 20. Then this molded article (1 Oc) was heated to SS^'C so that each arm (1 Ob) was bent inside at the base in parallel 
to the axis of the cylinder (1 Oa) followed by fixing said molded article to said shape to give a shape-memory material 
for bone fixation (10) with the memory of the original shape of the molded article (10c). 

[0189] Next, a white rabbit tibia was halved to give two bone fragments. Then holes (diameter : 4 mm, depth : 18 
mm) was fomied on the incised faces of both bone fragments and the shape-memory material for bone fixation (10) 
'5 was inserted into these holes to thereby fix the bone fragments together. Then physiological saline at 85''C was poured 
thereon and thus the shape-memory material for bone fixation (10) was recovered to the original shape. Thus, the 
bone fragments were tightly fixed together Although a stress was applied onto the fixed bone sections in the direction 
of drawing out, the bone fragments were tightly fixed together and the shape-memory material for bone fixation (10) 
did not fall out. 

20 [0190] Thus, it was proved that the shape-memory material for bone fixation (1 0) could sufficiently fix bone sections. 
[Example 8] 

[0191] Poly-D,L-lactic acid (glass transition temperature: 51 °C) obtained by ring-opening polymerization of DL-lactide 
25 and having a viscosity-average molecular weight of 1 00,000 was extrusion-molded at 1 SO^C into small diameter pipes 
(inner diameter = 1 mm, outer diameter = 5 mm). After cooling, these pipes were sliced to give a molded article in the 
shape of small diameter rings [inner diameter =1 mm, outer diameter = 5 mm, length (width) = 2 mm]. Next, these rings 
were enlarged and defomied in an atmosphere at 60^*0 into large diameter rings [inner diameter = 10 mm, outer 
diameter =11.5 mm, length (width) = 1 .5 mm] and then fixed to this shape by cooling to give a shape-memorymaterial 
30 with the memory of the original shape of small diameter rings. 

[0192] When this shape-memory material was Immersed In hot water at 70*0, it was immediately recovered to the 
original shape of small diameter rings In Inner diameter, outer diameter and length (width). 

[Example 9] 

35 

[01 93] Poiy-D,L-lactic acid (glass transition temperature: SO^'C) obtained by ring-opening polymerization of DL-lactide 
and having a viscosity-average molecular weight of 70,000 was extrusion-molded at 1 80''C into small diameter pipes 
(inner diameter = 0.5 mm, outer diameter = 3.2 mm). After cooling, these pipes were sliced to give a molded article In 
the shape of small diameter rings [inner diameter = 0.5 mm, outer diameter = 3.2 mm, length (width) = 1 .0 mm]. Next, 

40 these rings were enlarged and defomied In an atmosphere at 55*^0 into large diameter rings [inner diameter = 5.0 mm, 
outer diameter = 6.1 mm, length (width) = 0.8 mm] and then fixed to this shape by cooling to give a shape-memory 
material for vascular ligation with the memory of the original shape of small diameter rings. 
[0194] This ring for vascular ligation was put into an end of an incised abdominal blood vessel (diameter: about 1 
mm) of a white rabbit and then physiological saline at SO'^C was sprayed thereonto. Thus, the ring for vascular ligation 

45 was immediately recovered to the original shape of a small diameter ring and ligated the blood vessel, thus completely 
stanching. Just to make sure, the shape-recovered ring was flattened with a pair of pliers heated to 80°C so as to 
completely seal the blood vessel. After 12 weeks, the rabbit was sacrificed and the blood vessel was examined. As a 
result, the ring almost disappeared but the blood vessel was sealed and the stanching effect was maintained. 

50 [Example 10] 

[0195] Poiy-D,L-lactic acid (glass transition temperature: 52^0) obtained by ring-opening polymerization of D-lactide 
and L-lactlde (60 : 60, by weight) and having a viscosity-average molecular weight of 150, 000 was extrusion-molded 
at 1 B0°C into small diameter pipes (inner diameter = 3 mm, outer diameter = 5 mm). After cooling, these pipes were 
55 sliced to give a molded article in the shape of small diameter rings [inner diameter = 3 mm, outer diameter = 5 mm, 
length (width) = 1 mm]. Next, these rings were enlarged and deformed in an atmosphere at SC'C into large diameter 
rings [inner diameter = 15 mm, outer diameter = 15.7 mm, length (width) = 0.7 mm]. Then these rings were opened- 
out so as to match with a suture needle to give a hook. Then these opened-out rings were fixed to this shape by cooling 
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to thereby give a shape-memory material for suture having a hook (71) as shown In Rg. 12. 
[0196] Then, the hook of this shape-memory material for suture (7) was provided with a suture needle with which an 
incised site (1 04) of a white rabbit was sewed in several stitches. Thus the incised site (1 04) was sewed up at several 
points with the shape-memory material for suture (7), as Fig. 1 3 shows. Next, physiological saline at 65**C was sprayed 
5 onto the shape-memory material for suture (7). Thus, the shape-memory material for suture (7) at each point was 
immediately recovered to the original shape of the opened-out, small diameter ring and thus the incised site (104) 
could be tightly sewed up. 

[Example 11] 

10 

[0197] Poly-D,L-lactb acid (glass transition temperature: 54"C) obtained by ring-opening polymerization of DL-lactide 
and having a viscosity-average molecular weight of 250, 000 was dissolved in dichloromethane. Then the obtained 
solution was applied around a square bar (length = 0.5 mm, width = 2 mm, height = 50 mm) made of polyethylene and 
then dichloromethane was vaporized to give a molded article in the shape of a flat and square bar (height = 20 mm, 

'5 thickness = 0.75 mm, inner length = 0.5 mm, width = 2 mm). 

[0198] This molded article was stretched In an atmosphere at 80°C into a flat and square shape of 40 mm In height 
and then fixed to this shape by cooling. Further, it was enlarged and defomried in an atmosphere at GCC into a flat 
and square pipe with a large sectional area (height = 40 mm, thickness = 0.1 mm, inner length = 5 mm, width = 10 
mm) and then fixed to this shape by cooling to give a shape-memory material for tendon fixation with the memory of 

20 the original shape of square pipe. 

[0199] Into the both openings of this shape-memory material, incised tendon sections of a white rabbit foot were 
inserted. Then physiological saline at eo^'C was sprayed thereonto. Thus, the shape-memory material was Immediately 
recovered to the shape of a flat and square pipe with a small sectional area (inner length = 0.5 mm, width = 2 mm). 
Thus, the Incised tendon ends were held tightly all around thereby. Moreover, physiological saline at 80°C was sprayed 

25 thereonto. Then, the shape-memory material was recovered to the original shape of a short and square pipe of 20 mm 
in height and thus the incised tendon ends could come Into contact closely with each other and fixed. 

[Example 12] 

30 [0200] 100 parts by weight of poly-D,L-lactlc acid (glass transition temperature: 50^*0) obtained by ring-opening 
polymerization of DL-lactide and having a viscosity-average molecular weight of 70,000 and. 150 parts by weight of a 
vascular reconstriction inhibitor tranilast were dissolved in chloroform to give a solution with a solid content of 3 % by 
weight. Then, this solution was sprayed onto a round bar made of polyethylene (diameter = 5.0 mm) at a discharge 
pressure of 8.0 kgf/cm^. After vaporizing chlorofomri, a cylindrical film of 0.3 mm In thickness was formed. Then this 

35 cylindrical film was cut into a piece of 15 mm in length and a number of pores (diameter = 1 .5 mm) were formed on 
the surface of the film. After taking out the round bar, a perforated molded article (12a) was obtained as shown in Fig. 
24. This product weighed 36 mg and contained 21 .6 mg of the drug enclosed therein. 

[0201] As Fig. 24 shows, this perforated cylindrical molded article was folded in flat and wound up to give a pipe 
(outer diameter: about 1 .0 mm) and deformed. Then it was fixed to the shape by quenching to give a wound-up stent 
40 (shape-memory material) for preventing vascular reconstriction (1 2) with the memory of the original shape of perforated 

cylinder. 

[0202] Next, the following test was perfonned in vitro to confimn the shape-memory function of this stent and to 
measure the drug releasing rate. 

[0203] The stent was inserted into a silicone tube of 4.0 mm in inner diameter and hot water at 60'*C was passed 
45 therethrough. With an increase In temperature, the stent was enlarged and recovered to the original cylindrical shape 
and thus fixed while lining the innerface of the tube due to the pressure applied on the inner wall. Then, it was Immersed 
in a 0.2 U phosphate buffer (pH 7.4) at 37''C and the amount of tranilast released Into the buffer with the degradation 
of the poty-D,L-lactic acid was detenmined at constant Intervals. As Fig. 29 shows, the drug was released at a constant 
rate over 12 weeks and it was confirmed that 68 % of the tranilast enclosed at the initiation of the test was released 
50 during this period. It was also confinrted that a small amount of the poly-D,L- lactic acid still remained. 

[0204] As described above, it is found out that the shape-memory, biodegradable and absorbable stent can exert 
excellent functions as a DDS base. 

[0205] As the above description cleariy indicates, when reheated to defonnatlon temperatures, the shape-memory 
biodegradable and absorbable materials of the present invention make it possible to easily and surely treat vital tissues 
55 by ligation, anastomosis, suture, fixation, prevention of vascular reconstriction, etc., i.e., perfonnlng treatments of, for 
example, ligation and anastomosis of incised blood vessels (stanching), suture of incised sites, fixation of Incised 
tendons, bone fixation and prevention of vascular reconstriction. Since these shape-memory materials can be recov- 
ered to the original shape by reheating at relatively low temperatures, there is no fear of burn. Moreover, these shape- 
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memory materials never Induce halation In MRI or CT and never remain but are degraded and absorbed in vivo, thus 
achieving favorable effects. 

[0206] These shape-memory biodegradable and absorbable materials containing bioceramics powders can strongly 
bind to bone and fix the same in vivo, while those containing drugs can release the drugs at a constant rate and thus 
5 serve as DDS bases. 



Claims 

io 1 . A shape-memory biodegradable and absorbable material which comprises a molded article of a lactic acid-based 
polymer and which further comprises a bioceramics powder, wherein said material can be recovered to the original 
shape without applying any external force thereto but by heating to a definite temperature or above. 

2. The shape-memory biodegradable and absort^able material according to Claim 1 , wherein said bioceramics pow- 
15 der Is at least one member selected from the group consisting of surface bioactlve sintered hydroxyapatite, bloglass 

for living body use, crystallized glass for living body use, bioabsorbable neither calcined nor sintered hydroxyap- 
atite, dicalcium phosphate, tricaicium phosphate, tetracalcium phosphate, octacalclum phosphate, calclte and dl- 
opsite. 

20 3. The shape-memory biodegradable and absorisable material according to Claim 2, wherein said bioceramics pow- 
der is bloabsorisable neither calcined nor sintered hydroxyapatite. 

4. The shape-memory biodegradable and absortsable material according to any one of Claims 1 to 3, wherein said 
lactic acid-based polymer is poly-D,L-lactic acid. 

25 

5. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4, which comprises 
a biodegradable and absorbable material obtainable by deforming a molded article of a lactic acid-based polymer 
and having a definite shape Into another molded article having another shape at a temperature higher than the 
glass transition temperature thereof but lower than the crystallisation temperature thereof (or 100**C when the 

30 molded article has no crystallisation temperature), then fixing said molded article to the thus deformed shape by 
cooling it as such to a temperature lower than the glass transition temperature, further defomning said molded 
article into another molded article having another shape at a temperature higher than the glass transition temper- 
ature but lower than said defomiation temperature and fixing said molded article to the thus defomned shape by 
cooling it as such to a temperature lower than the glass transition temperature, wherein said molded article can 

35 be recovered to the first molded article of the original shape by heating it again to the first defomnation temperature 

of above. 

6. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4, which comprises 
a biodegradable and absorbable material obtainable by defomriing a porous molded article of a lactic acid-based 

40 polymer and having a definite shape into a substantially non-porous molded article having another shape at a 

temperature higher than the glass transition temperature thereof but lower than the crystallisation temperature 
thereof (or lOO'^C when the molded article has no crystallisation temperature) and then fixing said molded article 
to the thus defomned shape by cooling it as such to a temperature lower than the glass transition temperature, 
wherein said molded article can be recovered to the fomner porous molded article of the original shape by heating 

45 it again to said deformation temperature or above. 

7. The shape-memory biodegradable and absorit>able material according to any one of Claims 1 to 5 for vascular 
anastomosis which comprises a molded article of a lactic acid-based polymer In the shape of pipes, wherein said 
material can be recovered to the memorized shape of small diameter pipes without applying any external force 

50 thereto but by heating to a definite temperature or above, 

8. The shape-memory biodegradable and absorbable material for vascular anastomosis according to Claim 7, which 
comprises a biodegradable and absorbable material obtainable by enlarging and deforming a molded article of a 
lactic acid-based polymer in the shape of small diameter pipes into another molded article in the shape of large 

55 diameter pipes at a temperature higher than the glass transition temperature thereof but lower than the crystalli- 

sation temperature thereof (or lOO^C when the molded article has no crystallisation temperature) and then fixing 
said molded article to the shape of large diameter pipes by cooling it as such to a temperature lower than the glass 
transition temperature, wherein said molded article can be recovered to the fomner molded article in the shape of 
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small diameter pipes by heating it again to said defomnatlon temperature of above. 

9. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for vascular 
ligation, which comprises a molded article of a lactic acid-based polymer In the shape of rings, wherein said material 
can be recovered to the memorized shape of small diameter rings without applying any external force thereto but 
by heating to a definite temperature or above. 

10. The shape-memory biodegradable and absorbable material for vascular ligation according to Claim 9, which com- 
prises a biodegradable and absorbable material obtainable by enlarging and deforming a molded article of a lactic 
acid-based polymer In the shape of small diameter rings into another molded article In the shape of large diameter 
rings at a temperature higher than the glass transition temperature thereof, but lower than the crystallisation tem- 
perature thereof (or 1 0O'^C when the molded article has no crystallisation temperature) and then fixing said molded 
article to the shape of large diameter rings by cooling it as such to a temperature lower than the glass transition 
temperature, followed by cutting into round slices, wherein said molded article can be recovered to the fomner 
molded article in the shape of small diameter rings into round slices by heating it again to said defomnation tem- 
perature or above. 

11 . The shape-memory biodegradable and absorbable material for vascular ligation according to Claim 9, which com- 
prises a biodegradable and absorisable material obtainable by enlarging and defomnlng a molded article of a lactic 
acid-based polymer In the shape of small diameter rings into another molded article in the shape of large diameter 
rings at a temperature higher than the glass transition temperature thereof but lower than the crystallisation tem- 
perature thereof (or 1 0CC when the molded article has no crystallisation temperature) and then fixing said molded 
article to the shape of large diameter rings by cooling It as such to a temperature lower than the glass transition 
temperature, wherein said molded article can be recovered to the former molded article in the shape of small 
diameter rings by heating it again to said defomnation temperature or above. 

12. The shape-memory biodegradable and absoriDable material according to any one of Claims 1 to 4 for tendon 
ligation, which comprises a biodegradable and absortDable material obtainable by enlarging and defomiing a mold- 
ed article of a lactic acid-based polymer in the shape of almost square small pipes having a flat opening area into 
another molded article in the shape of almost square large pipes having a large opening area at a temperature 
higher than the glass transition temperature thereof but lower than the crystallisation temperature thereof (or 1 00*'C 
when the molded article has no crystallisation temperature) and then fixing said molded article to the shape of 
almost square large pipes having a large opening area by cooling it as such to a temperature lower than the glass 
transition temperature, wherein said molded article can be recovered to the fomrier molded article in the shape of 
almost square small pipes having a flat opening area by heating it again to said deformation temperature or above. 

13. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for suture, which 
comprises a molded article of a lactic acid-based polymer in the shape of opened-out rings, wherein said material 
can be recovered to the original shape without applying any extemal force thereto but by heating to a definite 
temperature or above. 

14. The shape-memory biodegradable and absorbable material for suture according to Claim 13, which comprises a 
biodegradable and absorbable material obtainable by enlarging and deforming a molded article of a lactic acid- 
based polymer in the shape of small diameter rings into another molded article in the shape of large diameter rings 
at a temperature higl\er than the glass transition temperature thereof but lower than the crystallisation temperature 
thereof (or 100°C when the molded article has no crystallisation temperature) and then fixing said molded article 
to the shape of large diameter rings by cooling It as such to a temperature lower than the glass transition temper- 
ature followed by opening-out, wherein said molded article can be recovered to the fomier molded article In the 
shape of small diameter rings having been opened-out by heating It again to said deformation temperature or above. 

15. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for suture, which 
comprises a biodegradable and absorbable material obtainable by enlarging and defomnlng a molded article of a 
lactic acid-based polymer In the shape of small diameter rings Into another molded article In the shape of large 
diameter rings at a temperature higher than the glass transition temperature thereof but lower than the crystalli- 
sation temperature thereof (or lOO^C when the molded article has no crystallisation temperature), opening-out 
said molded article In the shape of large diameter rings, bending a part of the same so as to match with a suture 
needle, and then fixing said molded article to the shape by cooling It as such to a temperature lower than the glass 
transition temperature, wherein said molded article can be recovered to the fomner molded article in the shape of 
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small diameter rings having been opened-out by heating it again to said defomnation temperature or above. 

16. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for suture, which 
comprises a molded article of a lactic acid-based polymer in the shape of yams wherein said material can be 

5 recovered into the shape of thick yarns without applying any external force thereto but by heating to a definite 

temperature or above. 

17. The shape-memory biodegradable and absorbable material for suture according to Claim 16, which comprises a 
biodegradable and absortDable material obtainable by drawing and deforming a molded article of a lactic acid- 

10 based polymer in the shape of thick yams into another molded article in the shape of yams longer and thinner 

than said ones at a temperature higher than the glass transition temperature thereof but lower than the crystalli- 
sation temperature thereof (or 1 00°C when the molded article has no crystallisation temperature), and then fixing 
said molded article to the shape of thin yams by cooling it as such to a temperature lower than the glass transition 
temperature, wherein said molded article can be shortened and thus recovered to the former molded article in the 

IS shape of thick yarns by heating it again to said defomiation temperature or above. 

18. The shape-memory biodegradable and absortable material according to any one of Claims 1 to 4 for bone f ixation, 
which comprises a molded article of a lactic acid-based polymer in the shape of bars wherein said material can 
be recovered to the original shape in the shape of thick and round bar without applying any external force thereto 

20 but by heating to a definite temperature or above. 

19. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for bone fixation, 
which comprises a biodegradable and absorbable material obtainable by defonning a molded article of a lactic 
acid-based polymer in the shape of thick bars into another molded article in the shape of bars longer and thinner 

25 than said ones at a temperature higher than the glass transition temperature thereof, but lower than the crystalli- 

sation temperature thereof (or 1 00*'C when the molded article has no crystallisation temperature) and then fixing 
said molded article to the shape of thin bars by cooling it as such to a temperature lower than the glass transition 
temperature, wherein said molded article can be recovered to the fonner molded article in the shape of thick bars 
by heating it again to said defomnatlon temperature or above. 

30 

20. The shape-memory biodegradable and absorisable material according to Claim 1 9, wherein said defomied molded 
article in the shape of long and thin bars is fixed to the shape by cooling and then cutting into definite pins. 

21 . The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for bone fixation, 
35 which comprises a biodegradable and absorbable material obtainable by deforming a molded article of a lactic 

acid-based polymer in the shape of a cylinder provided with two or more Inclined amis projecting from the periph- 
eries of both ends thereof at a temperature higher than the glass transition temperature thereof but lower than the 
crystallisation temperature thereof (or lOO^'C when the molded article has no crystallisation temperature) so that 
each ami is bent inside at the base in parallel to the axis of the cylinder and then fixing said molded article to said 
40 shape by cooling it as such to a temperature lower than the glass transition temperature, wherein said molded 
article can be recovered to the original shape by heating it again to said defomiation temperature or above. 

22. The shape-memory biodegradable and absorisable material according to any one of Claims 1 to 4 for preventing 
bone cement in marrow cavity from leakage, which comprises a biodegradable and absortDable material obtainable 

<5 by defomning a molded article of a lactic acid-based polymer in the shape of a cylindrical plug having a hemispherical 

bottom and provided with two or more petal-like inclined projections extended from the periphery of the upper face 
thereof at a temperature higher than the glass transition temperature thereof but lower than the crystallisation 
temperature thereof (or 1 00*C when the molded artfcle has no crystallisation temperature) so that each petal-like 
projection is bent inside at the base in parallel to the axis of the cylinder and then fixing said molded article to said 

50 shape by cooling it as such to a temperature lower than the glass transition temperature, wherein said molded 
article can be recovered to the original shape by heating It again to said defonmatlon temperature or above. 

23. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for preventing 
vascular reconstriction. which comprises a biodegradable and absorijable material obtainable by deforming a mold- 

55 ed arttele of a lactic acid-based polymer in the shape of a perforated cylinder with a number of pores or a net or 

mesh cylinder into another molded article in the shape of a folded cylinder at a temperature higher than the glass 
transition temperature thereof but lower than the crystallisation temperature thereof (or 100°C when the molded 
article has no crystallisation temperature) and then fixing said molded article to said shape by cooling It as such 
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to a temperature lower than the glass transition temperature, wherein said molded article can be recovered to the 
original shape by heating it again to said defonnation temperature or above. 

24. The shape-memory biodegradable and absorbable material according to any one of Claims 1 to 4 for artificial hip 
5 joint comprising a molded article of a lactic acid-based polymer in hemisphere cup shape, wherein said material 

can be recovered to the memorized shape of small hemisphere cup shape without applying any extemal force 
thereto but by heating to a definite temperature or above. 

25. The shape-memory biodegradable and absorbable materia! according to any one of Claims 1 to 4 for artificial hip 
10 joint which comprises a biodegradable and absoriDable material obtainable by enlarging and defonnlng a molded 

article of a lactic acid-based polymer in the shape of small hemisphere cup shape into another molded article in 
the shape of large hemisphere cup shape at a temperature higher than the glass transition temperature thereof 
but lower than the crystallisation temperature thereof (or lOCC when the molded article has no crystallisation 
temperature) and then fixing said molded article to the shape of large hemisphere cup shape by cooling it as such 
15 to a temperature lower than the glass transition temperature, wherein said molded article can be recovered to the 
fomier molded article in the shape of small hemisphere cup shape by heating it again to said defonnatlon temper- 
ature or above. 



20 PatentansprQche 

1 . Bioabbaubares und absortDiert^ares Material mit Formgedachtnis, welches einen geformten (Artll<el aus einem auf 
Mllchsaure basierenden Polymer umfasst und welches weiterhin ein blokeramisches Pulver umfasst, worin das 
Material ohne Anwendung irgendeiner ausseren Kraft darauf , sondern durch Erhitzen auf eine bestimmte Tempe- 
rs ratur Oder dariiber, in der originalform wiedergewonnen werden kann. 

2. Bioabbaubares und absoriDlerbares Material mit Fomngedachtnis gemass Anspruch 1 , worin das biokeramische 
Pulver zumindest ein Mitglied ist, das ausgewahit ist aus der Gruppe bestehend aus an der Oberflache bioaktivem 
gesintertem Hydroxyapatit, Bioglas zur Venwendung im lebenden Korper, kristallisiertem Glas zur Venwendung Im 

so lebenden Korper, bioabsorbieriDarer, weder calcinierter noch gesinterter Hydroxyapatit, Dicalciumphosphat, Tri- 
calciumphosphat, Tetracalciumphosphat, Octacalciumphosphat, Calcit und Diopsit. 

3. Bioabbaubares und absoriaieridares Material mit Fomngedachtnis gemass Anspruch 2, worin das biokeramische 
Pulver bioabsorbieri3arer, weder calcinierter noch gesinterter Hydroxyapatit ist. 

35 

4. Bioabbaubares und absori^ierbares Material mit Formgedachtnis gemSss Irgendelnem der Anspruche 1 bis 3, 
worin das auf MilchsSure basierende Polymer Poly-D,L-milchsdure ist. 

5. Bioabbaubares und absorbiertDares Material mit Fonngedachtnis gemass Irgendelnem der Anspruche 1 bis 4, 
40 welches ein bioabbaubares und absori^ieri^ares Material umfasst, welches. erhaltlich ist durch Defomnieren eines 

gefomiten Artikels aus einem auf Mllchsaure basierenden Polymer mit einer bestimmten Form In einen andern 
geformten Artikel mit einer anderen Fomri bei einer Temperatur, die hoher ist als dessen Glasubergangstemperatur, 
aber geringer als dessen Kristalllsationstemperatur (Oder 1 0O^C, wenn der gefonnte Artikel keine Kristallisations- 
temperatur aufweist), anschliessendes Fixieren des besagten gefomnten Artikels auf die so defomnlerte Fomri durch 

45 dessen Abkuhlen auf eine Temperatur, die geringer ist als die Glasubergangstemperatur, weiteres Defomiieren 
des besagten geformten Artikels In einen anderen gefomiten Artikel mit einer anderen Fomri bei einer Temperatur, 
die hoher ist als die Glasubergangstemperatur. aber geringer als die besagte Defomnationstemperatur, und Flxie- 
rung des besagten gefomriten Artikels auf die so defomnlerte Fomn durch dessen Abkuhlung auf eine solche Tem- 
peratur, die geringer ist als die Glasubergangstemperatur, worin der erste gefonnte Artikel der Orlglnaltomi aus 

so besagtem gefomnten Artikel mittels erneutem Erhitzen desselben auf die erste Defomrtationstemperatur oder dar- 
Qber wiedergewonnen werden kann. 

6. Bioabbaubares und absort)iert3ares Material mit FomngedSchtnis gemSss irgendelnem der AnsprCiche 1 bis 4, 
welches ein bioabbaubares und absort^lertDares Material umfasst, das erhaltlich ist durch Defomnieren eines po- 

55 rosen gefomnten Artikels aus einem auf Mllchsaure basierenden Polymer mit einer bestimmten Forni zu einem im 
wesentlichen nichtporosen gefomnten Artikel mit einer anderen Fomn bei einer Temperatur, die hoher ist als dessen 
Glasubergangstemperatur, aber geringer ais dessen Kristalllsationstemperatur (Oder 100°C, wenn der gefomnte 
Artikel keine Kristallisationstemperatur aufweist) und anschliessendes Fixieren des besagten gefomnten Artikels 
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auf die so deformierte Form durch dessen AbkQhIen auf eine solche Temperatur, die geringer ist als die GlasQber- 
gangstemperatur, worin der vormalige porose geformte Artil<el der Origlnalfomn aus dem besagten geformten Ar- 
tikel durch dessen emeutes Ertiitzen auf diebesagte Deformationstemperaturoderdamberwiedergewonnen wer- 
den kann. 

5 

7. Bioabbaubares und absorbierbares IVIateriai mit Formgedachtnis gemass irgendeinem der Anspruche 1 bis 5 fur 
vaskulare Anastomose, welches einen gefomnten Artikel aus einem auf Mllchsaure baslerenden Polymer In Fomn 
von Rohren umfasst, worin aus dem besagten Material die erinnerte Fomi von Rohren mit geringem Durchmesser 
ohne Anwendung irgendeiner ausseren Kraft daraut, sondem durch Erhitzen auf eine definierte Temperatur oder 

10 daruber wiedergewonnen werden kann. 

8. Bioabbaubares und absortDiertDares Material mit Formgedachtnis fiir vaskulare Anastomose gemass Anspruch 7, 
welches ein bioabbaubares und absoriDiertDares Material umfasst, das erhaltiich ist durch Erweitern und Deformie- 
ren eines gefomnten Artikels aus einem auf Milchsaure baslerenden Polymer In Fomi von Rohren mit geringem 

^5 Durchmesser zu einem anderen geformten Artikel in Fomri von Rohren mit grossem Durchmesser bei einer Tem- 

peratur, die hoher Ist als dessen GlasQbergangstemperatur, aber geringer als-dessen Kristallisationstemperatur 
(Oder 100°C, wenn der geformte Artikel kelne Kristallisationstemperatur aufweist) und anschliessendes Fixieren 
des besagten gefomiten Artikels auf die Fomri von Rohren mit grossem Durchmesser durch dessen Abkuhlen auf 
eine solche Temperatur, die geringer ist als die Glasiibergangstemperatur, worin der vomnallge geformte Artikel 

20 in Fomn von Rohren mit geringem Durchmesser aus besagtem gefomnten Artikel durch dessen erneutes Erhitzen 

auf die besagte Deformationstemperatur oder daruber wiedergewonnen werden kann. 

9. Bioabbaubares und absortDiertDares Material mit FomngedSchtnis gem§ss irgendeinem der Anspruche 1 bis 4, fiir 
vaskulare Ligation, welches einen gefomnten Artikel aus einem auf Mllchsaure baslerenden Polymer in Fonn von 

25 Ringen umfasst, worin die erinnerte Fomn von Ringen mit geringem Durchmesser aus besagtem Material ohne 

Anwendung Irgendeiner ausseren Kraft darauf, sondem durch Erhitzen auf eine definierte Temperatur oder damber 
wiedergewonnen werden kann. 

10. Bioabbaubares und absorbierbares Materia! mit Formgedachtnis zur vaskularen Ligation gemass Anspruch 9, 
30 welches ein bioabbaubares und absori^ierisares Material umfasst, das erhaltiich ist durch Enveitern und Defomnie* 

ren eines geformten Artikels aus eihem.auf Mllchsaure baslerenden Polymer in Form von Ringen mit geringem 
Durchmesser zu einem anderen gefomnten Artikel in Fomn von Ringen mit grossem Durchmesser be! einer Tem- 
peratur. die hoher ist als dessen Glasubergangstemperatur, aber geringer als dessen Kristallisationstemperatur 
(Oder 100°C, wenn der geformte Artikel keine Kristallisationstemperatur aufweist) und anschliessendes Fixieren 
35 des besagten gefomnten Artikels auf die Fomn von Ringen mit grossem Durchmesser durch dessen Abkuhlen auf 
eine solche Temperatur, die geringer ist als die Glasubergangstemperatur, gefolgt von dessen Schneiden in runde 
Schelben, worin der vomnallge gefomnte Artikel in Fomn von Ringen mit geringem Durchmesser in runden Scheiben 
aus besagtem gefomnten Artikel durch dessen erneutes Erhitzen auf besagte Defomnationstemperatur oder dar- 
Qber wiedergewonnen werden kann. 

40 

11. Bioabbaubares und absorisierbares Material mit Fomngedeichtnis zur vaskularen Ligation gemass Anspruch 9, 
welches ein bioabbaubares und absorislerbares Material umfasst, das erhaitliches ist durch Enn/eltern und Defer- 
mieren eines gefomnten Artikels aus einem auf Milchsaure baslerenden Polymer in Fomn von Ringen mit geringem 
Durchmesser zu einem anderen gefomnten Artikel in Fomn von Ringen mit grossem Durchmesser bei einer Tem- 

45 peratur, die hoher Ist als dessen Glasubergangstemperatur, aber geringer als dessen Kristallisationstemperatur 

(Oder lOO^C, wenn der geformte Artikel keine Kristallisationstemperatur aufweist) und anschliessendes Fixieren 
des besagten gefomnten Artikels auf die Form von Ringen mit grossem Durchmesser durch dessen Abkuhlen auf 
eine solche Temperatur, die geringer ist als die Glasubergangstemperatur, worin der vomnallge gefomnte Artikel 
In Fomn von Ringen mit geringem Durchmesser aus besagtem gefomnten Artikel durch dessen emeutes Erhitzen 

50 auf besagte Deformationstemperatur Oder daruber wiedergewonnen werden kann. 

12. Bioabbaubares und absoriDiert^ares Material mit Fomngedachtnis gemass irgendeinem der Anspruche 1 bis 4, fur 
Sehnenligation, welches ein bioabbaubares und absorbierbares Material umfasst, das ertiSltlich ist durch Enveitem 
und Deformieren eines geformten Artikels aus einem auf Milchsaure baslerenden Polymer in Form von nahezu 

55 quadratischen kleinen Rohren mit einer flachen Offnungsflache zu einem anderen geformten Artikel in Form von 

nahezu quadratischen grossen Rohren mit einer grossen Offnungsflache bei einer Temperatur, die hoher ist als 
dessen Glasubergangstemperatur, aber geringer als dessen Kristallisationstemperatur (oder 100''C, wenn der 
gefomnte Artikel keine Kristallisationstemperatur aufweist) und anschliessendes Fixieren des besagten gefomnten 



28 



EP 1 000 958 B1 



Artikels auf die Form von nahezu quadratlschen grossen Rohren mit einergrossen Offnungsflache durch dessen 
Abkuhlen auf eine seiche Temperatur, die geringer 1st als die Glasubergangstemperatur, worin der vormalige ge- 
formte Artikel in Fomn von nahezu quadratischen kleinen Rohren mit einer f lachen Offnungsflache aus besagtem 
gefomiten Artikel durch dessen emeutes Erhitzen auf besagte Defomnationstemperatur oder darOber wiederge- 
5 wonnen werden kann. 

13. Bioabbaubares und absorbierbares Material mit. Fomigedachtnis gemass irgendeinem der Anspruche 1 bis 4 als 
Nahtmaterial, welches einen geformten Artikel aus einem auf Milchsaure basierenden Polymer in Form von auf- 
geschnlttenen Ringen umfasst, worin die Originalfomri aus dem besagten Material ohne Anwendung Irgendeiner 
Susseren Kraft darauf, sondem durch Erhitzen auf eine bestlmmte Temperatur Oder daruber wiedergewonnen 
werden kann. 

14. Bioabbaubares und absortDiertDares Material mit Fonmgedachtnis als Nahtmaterial gemass Anspruch 13, welches 
ein bioabbaubares und absorb iertDares Material umfasst, das erhaltlich ist durch Enweitern und Deformieren eines 
gefomiten Artikels aus einem auf Milchsaure basierenden Polymer In Fomi von Ringen mit geringem Durchmesser 
zu einem anderen gefomnten Artikel In Fomi von Ringen mit grossem Durchmesser bel eIner Temperatur, die hoher 
ist als dessen Glasubergangstemperatur, aber geringer als dessen Kristallisationstemperatur (oder 100° C, wenn 
der geformte Artikel keine Kristalllsationstemperatur aufwelst) und anschllessendes Fixieren des besagten ge- 
fomiten Artikels auf die Form von Ringen mit grossem Durchmesser durch dessen Abkiihlung auf eine sotehe 
Temperatur, die geringer Ist als die Glasubergangstemperatur, gefolgt vom Aufschnelden, worin der vormalige 
geformte Artikel In Fomi von Ringen mit geringem Durchmesser, die aufgeschnitten wunden, aus besagtem ge- 
formten Artikel durch dessen erneutes Erhitzen auf besagte Defomiationstemperatur oder daruber wiedergewon- 
nen werden kann. 

15. Bioabbaubares und absortDieriDares Material mit Formgedachtnis gemass Irgendeinem der Anspruche 1 bis 4 als 
Nahtmaterial, welches ein bioabbaubares und absoriDieriaares Material umfasst, das ertialtlich Ist durch Erweitem 
und Defomiieren eines geformten Artikels aus einem auf Milchsaure basierenden Polymer in Fomn von Ringen 
mit geringem Durchmesser zu einem anderen gefomnten Artikel in Fomri von Ringen mit grossem Durchmesser 
bel einer Temperatur, die hoher ist als dessen Glasubergangstemperatur, aber geringer als dessen Kristalllsati- 
onstemperatur (Oder 1 00**C, wenn der gefomite Artikel keine Kristallisationstemperatur aufwelst), das Aufschnel- 
den des besagten gefomiten Artikel In Fomi von Ringen mit grossem Durchmesser, das Blegen eines Tells des- 
selben, so dass es zu einerchlrurgischen Nadel passt, und das anschllessende Fixieren des besagten geformten 
Artikels auf die Fonn durch dessen Abkuhlen auf eine solche Temperatur, die geringer Ist als die Glasuber- 
gangstemperatur, worin der vomnalige gefomite Artikel in Fomri von aufgeschnittenen Ringen mit geringem Durch- 
messer aus besagtem gefomiten Artikel durch dessen emeutes Erhitzen auf besagte Defonnatlonstemperatur 
Oder daruber wiedergewonnen werden kann. 

16. Bioabbaubares und absorblertjares Material mit Formgedachtnis gemass irgendeinem der Anspruche 1 bis 4 als 
Nahtmaterial, welches einen gefomiten Artikel aus einem auf Milchsaure basierenden Polymer in Forni von Gam 
umfasst, worin die Fomi eines dicken Garns aus besagtem Material ohne Anwendung irgendeiner ausseren Kraft 
darauf, sondem durch Erhitzen auf eine bestlmmte Temperatur oder daruber wiedergewonnen werden kann. 

17. Bioabbaubares und absorbierbares Material mit FormgedSchtnls als Nahtmaterial gemass Anspruch 16, welches 
ein bioabbaubares und absorbiertares Material umfasst, das erhaltlich ist durch Ziehen und Deformieren eines 
gefomiten Artikels aus einem auf Milchsaure basierenden Polymer in Form eines dicken Garns zu einem anderen 
gefomiten Artikel in Fomi eines langeren und dOnneren Gams bel einer Temperatur, die hdher ist als dessen 
Glasubergangstemperatur. aber geringer als dessen Kristallisationstemperatur (oder lOO'^C, wenn der geformte 
Artikel keine Kristallisationstemperatur aufwelst) und anschllessendes Fixieren des besagten gefomnten Artikels 
auf die Fornn eines diinnen Garns durch dessen Abkuhlen auf eine solche Temperatur, die geringer ist als die 
Glasubergangstemperatur, worin der vormalige gefomite Artikel in Form eines dicken Gams aus besagtem ge- 
fomnten Artikel durch dessen Veri<Qrzen durch erneutes Erhitzen auf besagte Defomnatlonstemperatur oder dar- 
uber wiedergewonnen werden kann. 

18. Bioabbaubares und absorbierbares Material mit Fonmgedachtnis gemass irgendeinem der Anspnuche 1 bis 4 zur 
Knochenfixierung, welches einen gefomnten Artikel aus einem auf MilchsSure basierenden Polymer In Fomi von 
Stangen umfasst, worin die Originalfonn in Form von dicken und runden Stangen aus dem besagten Material ohne 
Anwendung irgendeiner dusseren Kraft darauf, sondem durch Erhitzen auf eine bestlmmte Temperatur oder dar- 
uber wiedergewonnen werden kann. 



IS 



20 



30 



45 



50 



29 



EP1 000958 B1 

19. Bioabbaubares und absorbierfoares Material mit Fomngeddchtnis gemdss Irgendeinem der Anspruche 1 bis 4 zur 
Knochenflxiemng, welches ein bioabbaubares und absorbierbares Material umfasst, das erhaltllch ist durch De- 
formieren eines gefomnten Artikels aus einem auf Milchsaure basierenden Polymer in Fonn von dicl<en Stangen 
in einen anderen gefomnten Artikel in Fomn von langeren und diinneren Stangen bei einer Temperatur, die hoher 

5 ist als dessen Glasubergangstennperatur, aber geringer als dessen Kristaltisattonstemperatur (oder 1 0O^'C, wenn 

der gefonmte Artikel keine Kristaliisatlonstemperatur aufweist) und anschliessendes Fixieren des besagten ge- 
fonnten Artikels auf die Form von dunnen Stangen durch dessen Abkuhlen auf eine solche Temperatur, die geringer 
ist als die Glasubergangstemperatur, worin der vomnalige geformte Artikel In Fomi von dicken Stangen aus be- 
sagtem gefomnten Artikel durch dessen emeutes Erhitzen auf besagte Deformationstemperatur oder daruber wie- 

10 dergewonnen werden kann. 

20. Bioabbaubares und absortDierbares Material mit Fomngedachtnis gemass Anspruch 19, worin der besagte defor- 
mierte gefomnte Artikel In Fomn von langen und dunnen Stangen durch Abkuhlen und anschliessendes Schnelden 
in bestimmte Strfte auf die Form fixlert ist. 

15 

21 . Bioabbaubares und absort3ierbares Material mit FomngedSchtnis gemass Irgendeinem der AnsprOche 1 bis 4 zur 
Knochenfixlerung, welches eIn bioabbaubares und absori^lerbares Material umfasst, das erhaltiich ist durch De- 
fomnleren eines gefomnten Artikels aus einem auf MilchsSure basierenden Polymer in Fomn eines Zylinders, der 
ausgestattet ist mit zwei oder mehreren geneigten Armen, die aus der Peripherie von dessen belden Enden her- 

20 ausragen, bei einer Temperatur, die hoher ist als dessen Glasubergangstemperatur, aber geringer als dessen 

Kristaliisatlonstemperatur (oder 100''C, wenn der gefomnte Artikel kelne Kristaliisatlonstemperatur aufweist], so 
dass jeder Amn an der Basis parallel zur Achse des Zylinders nach Innen gebogen ist, und anschliessendes Fixieren 
des besagten gefomnten Artikels auf besagte Form durch dessen Abkuhlen auf eine solche Temperatur, die ge- 
ringer ist als die Glasubergangstemperatur, worin die Griginalform aus besagtem gefomnten Artikel durch dessen 

25 emeutes Erhitzen auf besagte Deformationstemperatur oder daruber wiedergewonnen werden kann. 

22. Bioabbaubares und absortDlerbares Material mit Fomngedachtnis gemass Irgendeinem der Anspruche 1 bis 4 zur 
Verhinderung des Auslaufens von Knochenzement aus einer Knochenmarkshohlung, welches ein bioabbaubares 
und absorbiertDares Material umfasst, das ertialtlich ist durch Defomnieren eines gefomnten Artikels aus einem auf 
Milchsaure basierenden Polymer in Fomn eines zylindrischen Stopfens mit einem halbkugeltdmnigen Boden, wel- 
cher mit zwei Oder mehreren blutenblattformigen geneigten Vorsprungen, die sich von der Peripherie der oberen 
Flache davon erstrecken, ausgestattet ist, bei einer Temperatur, die hoher ist als dessen Glasubergangstempe- 
ratur, aber geringer als dessen Kristallisationstemperatur (oder 100*'C, wenn der gefomnte Artikel keine Kristalii- 
satlonstemperatur aufweist), so dass jeder bliitenblattformige Vorsprung an der Basis parallel zur Achse des Zy- 
linders nach innen gebogen Ist, und anschliessendes Fixieren des besagten geformten Artikels auf besagte Fomn 
durch dessen Abkuhlen auf eine solche Temperatur, die geringer ist als die Glasubergangstemperatur, worin die 
Origlnalfomn aus besagtem Artikel durch dessen erneutes Erhitzen auf besagte Deformationstemperaturoder dar- 
Qber wiedergewonnen werden kann. 

40 23. Bioabbaubares und absorbierbares Material mit Fomngedachtnis gemass irgendeinem der Anspruche 1 bis 4 zur 
Verhinderung vaskularer Rekonstriktion, welches ein bioabbaubares und absorbierisares Material umfasst, das 
erhaltiich ist durch Deformieren eines geformten Artikels aus einem auf Milchsaure basierenden Polymer in Fomn 
eines pertorierten Zylinders mit einer Anzahl von Poren oder eines Netzes oder siebfomnigen Zylinders In einen 
anderen geformten Artikel in Fomn eines gefalteten Zylinders bei einer Temperatur, die hoher ist als dessen Glas- 

45 ubergangstemperatur, aber geringer als dessen Kristallisationstemperatur (oder 1 00°C, wenn der gefomnte Artikel 

kelne Kristallisationstemperatur aufweist) und anschliessendes Fixieren des besagten gefonnten Artikels auf be- 
sagte Form durch dessen Abkuhlung auf eine solche Temperatur, die geringer ist als die Glasubergangstemperatur, 
worin die Origlnalform des geformten Artikels durch dessen emeutes Erhitzen auf besagte Defomnationstempe- 
ratur oder daruber wiedergewonnen werden kann. 

50 

24. Bioabbaubares und absorbierbares Material mit Fomngedachtnis gemass irgendeinem der Anspruche 1 bis 4 fur 
kunstliche Huftgelenke, umfassend einen geformten Artikel aus einem auf Milchsaure basierenden Polymer in 
Halbkugel-Schalenfomri, worin die erinnerte Fomn einer kleinen iHalbkugel-Schalenfomn aus dem besagten Material 
ohne Anwendung irgendeiner ausseren Kraft darauf , sondern durch Erhitzen auf eine bestimmte Temperatur oder 

55 daruber wiedergewonnen werden kann. 

25. Bioabbaubares und absorbierbares Material mit Fomngedachtnis gemass Irgendeinem der Anspruche 1 bis 4 fur 
kOnstliche Huftgelenke, wetehes ein bioabbaubares und absorbierbares Material umfasst, das ertialtlich Ist durch 
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Erweitem und Deformleren eines geformten Artfkels aus einem auf MilchsSure baslerenden Polymer In Form einer 
kleinen Halbkugel-Schalenfomn in einen anderen gefomnten Artikel in form einer grossen Halbkugel-Schalenfomi 
bel einer Temperatur, die hoher 1st als dessen Glasubergangstemperatur, aber geringer als dessen Kristallisatl- 
onstemperatur (oder 1 00°C. wenn der geformte Artikel keine Krlstalllsationstemperatur aufwelst), und anschlles- 
sondes Fixieren des besagten gef omiten Artikels auf die Form einer grossen Halbkugel-Schalenf onn durch dessen 
Abkuhlung auf eine solche Temperatur, die geringer ist als die GlasQbergangstemperatur, worin der vomnallge 
gefomnte Artikel in Fonn einer kleinen Halbkugel-Schalenform aus besagtem gefomnten Artikel durch dessen er- 
neutes Ertiitzen auf besagte Defomnationstemperatur oder daruber wiedergewonnen werden kann. 



Revendicatlons 

1. Mat6riau biodegradable et absorbable k m6moire de fomrie qui comprend un article moul6 d'un polymfere ^ base 
d'acide lactique et qui comprend en outre un poudre de bioc6ramique, dans lequel ledit mat6riau peut retoumer 
k la forme d'orlgine sans lul appllquer une force exteme quelconque mals en le chauffant k une temperature ddfinle 
ou au-dessus. 

2. Mat6riau biodegradable et absorbable k m6moire de fomne selon la revendication 1 , dans lequel ladite poudre de 
bioc6ramique est au moins un element choisi dans le groupe constitue par I'hydroxyapatite frittee bioactive en 
surface, le verre biologique pour rutillsation dans un corps vivant, le verre cristallise pour I'utllisatlon dans un corps 
vivant, I'hydroxyapatite bloabsorbable nl calclnee nl frittee, le phosphate dicalclque. le phosphate tricatelque, le 
phosphate tetracateique, le phosphate octacalcique, la calclte et la diopsite. 

3. Materiau biodegradable et absorbable a memoire de forme selon la revendication 2, dans lequel ladite poudre 
bloceramique est I'hydroxyapatite bloabsorbable nl calclnee ni frittee. 

4. Materiau biodegradable et absorbable k m6moire de fonne selon I'une quelconque des revendicatlons 1 & 3, dans 
lequel ledit polymere k base d'acide lactique est I'acide poly-D,L-lactique. 

5. Materiau biodegradable et absorbable k memoire de fonne selon I'une quelconque des revendicatlons 1 ^ 4, qui 
comprend un materiau biodegradable et absorbable susceptible d'etre obtenu par deformation d'un article mouie 
d'un polymfere k base d'acide lactique et ayant une fonne definie en un autre article mouie ayant une autre fonne 
k une temperature superieure k sa temperature de transition vitreuse mais inf6rieure k sa temperature de cristal- 
lisation (ou 1 00°C quand I'article moul6 n'a pas de temperature de cristaltisation), puis en fixant ledit article mouie 
dans la fomne ainsi deform6e en le ref roidissant k une temperature Inferieure k la temperature de transition vitreuse, 
en outre en defomnant ledit article mouie en un autre article mouie ayant une autre fomne k une temperature 
superieure k la temperature de transition vitreuse mals inferieure k ladite temperature de defomnation et en fixant 
ledit article mouie dans la fomne ainsI d6fonnee en le refroidlssant k une temperature inferieure k la temperature 
de transition vitreuse, dans lequel ledit article mouie peut retourner au premier article mouie de la fonme d'orlgine 
en le chauffant de nouveau k la premifere temperature de deformation ou au-dessus. 

6. Materiau biodegradable et absorisable k memoire de forme selon I'une quelconque des revendrcations 1 & 4, qui 
comprend un materiau biodegradable et absortsable susceptible d'etre obtenu par defomnation d'un article mouie 
poreux d'un polymdre k base d'acide lactique et ayant une forme detinle en un article mouie sensiblement non 
poreux ayant une autre fomne k une temperature superieure sa temperature de transition vitreuse mais inferieure 
k sa temperature de cristallisation (ou lOO'C quand I'article mouie n'a pas de temperature de cristalllsation), et 
ensulte en fixant ledit article mouie dans la forme ainsi deformee en le refroidlssant k une temperature inferieure 
k la temperature de transition vitreuse, dans lequel ledit article mouie peut retoumer au premier article mouie 
poreux de la forme d'origine en le chauffant de nouveau k ladite defomnation ou au-dessus. 

7. Materiau biodegradable et absorbable k memoire de forme selon I'une quelconque des revendicatlons ^ kS pour 
{'anastomose vasculaire qui comprend un article mouie d'un polymere k base d'acide lactique ayant la fomne de 
tuyaux, dans lequel ledit materiau peut retourner k la forme memorisee de tuyaux de petlts diametres sans lui 
appllquer une force externe quelconque mals en chauffant k une temperature definie ou au-dessus. 

8. Materiau biodegradable et absorbable k memoire de forme pour I'anastomose vasculaire selon la revendication 
7, qui comprend un materiau biodegradable et absort)able susceptible d'etre obtenu en eiargtssant et en d6formant 
un arttole mouie d'un polymere k base d'acide lactique ayant la forme de tuyaux de petits diametres en un autre 
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article moul6 ayant la forme de tuyaux de gros diam^tres d une temperature supSrIeure h sa temperature de 
transition vitreuse mais inf6rieure ^ sa temperature de cristalllsation (ou 100'»C quand I'artlcle moul6 n'a pas de 
temperature de cristallisation) et ensulte en fixant ledit article mouie dans la fonme de tuyaux de gros diametres 
en ie refroldlssant k une temperature inf6rieure ^ la temperature de transition vitreuse, dans lequel ledit article 
5 mouie peut retourner au premier article mouie dans la forme de tuyaux de petits diametres en Ie chauffant de 

nouveau k tadlte temperature de deformation ou au-dessus. 

9. Materiau biodegradable et absorbable ^ memoire de forme selon Tune quelconque des revendications 1 k 4 pour 
la ligature vasculaire, qui comprend un article mouie d'un polymdre k base d'acide lactique dans la forme d'an- 
neaux. dans lequel ledit materiau peut retoumer d la forme memorisee d'anneaux de petits diametres sans lui 
appliquer une force externe quelconque mals en chauffant k une temperature definie ou au-dessus. 

10. Materiau biodegradable et absorbable a m6moire de forme pour la ligature vasculaire selon la revendicatlon 9, 
qui comprend un materiau biodegradable et absorbable susceptible d'etre obtenu en eiarglssant et en deformant 
un article mouie d'un polymere k base d'acide lactique dans la fonne d'anneaux de petits diametres en un autre 
article moute dans la fomie d'anneaux de gros diametres k une temperature superieure k sa temperature de 
transition vitreuse, mais inferieure k sa temperature de cristallisation (ou lOC'C quand I'article mouie n'a pas de 
temperature de cristallisation) et ensulte en fixant ledit article mouie dans la fonne d'anneaux de gros diametres 
en Ie refroldlssant k une temperature inferieure k la temperature de transition vitreuse, puis en coupanten tranches 
rondes, dans lequel ledit article mouie peut retourner au premier article mouie dans la forme d'anneaux de petits 
diametres en tranches rondes en Ie chauffant de nouveau k ladite temperature de defonnation ou au-dessus. 

11. Materiau biodegradable et absorbable k memoire de fomne pour la ligature vasculaire selon la revendicatlon 9, 
qui comprend un materiau biodegradable et absorbable susceptible d'etre obtenu en eiargissant et en deformant 
un article mouie d'un polymere k base d'acide lactique dans la fomne d'anneaux de petits diametres en un autre 
article mouie dans la forme d'anneaux de gros diametres k une temperature superieure k sa temperature de 
transition vitreuse, mais inferieure a sa temperature de cristallisation (ou 100**C quand I'article mouie n'a pas de 
temperature de cristallisation) et ensuite en fixant ledit article mouie dans la forme d'anneaux de gros diametres 
en Ie refroldlssant k une temperature inferieure la temperature de transition vitreuse, dans lequel ledit article 
mouie peut retoumer au premier article mouie dans la fomne d'anneaux de petits diametres en Ie chauffant de 
nouveau k ladite temperature de defonnation ou au-dessus. 

12. Materiau biodegradable et absori^able k memoire de forme selon I'une quelconque des revendications 1 k 4 pour 
la ligature des tendons, qui comprend un materiau biodegradable et absorbable susceptible d'etre obtenu en eiar- 
gissant et en deformant un article mouie d'un polymere k base d'acide lactique dans la fomne de petits tuyaux 
presque carres ayant une zone d'ouverture plane en un autre article mouie dans la fonne de gros tuyaux presque 
can-es ayant une zone d'ouverture importante k une temperature superieure k sa temperature de transition vitreu- 
se, mais inferieure k sa temperature de cristallisation (ou 1 0O^'C quand I'article mouie n'a pas de temperature de 
cristallisation) et ensuite en fixant ledit article mouie dans la forme de gros tuyaux presque carres ayant une zone 
d'ouverture importante en Ie refroldlssant k une temperature inferieure k la temperature de transition vitreuse, 
dans lequel ledit article mouie peut retourner au premier article mouie dans la fonne de petits tuyaux presque 
carres ayant une zone d'ouverture plane en Ie chauffant de nouveau k ladite temperature de defonnation ou au- 
dessus. 

13. Materiau biodegradable et absorbable k memoire de forme selon Tune quelconque des revendications 1 k 4 pour 
suture, qui comprend un article mouie d'un polymere k base d'acide lactique dans la forme d'anneaux ouverts, 
dans lequel ledit materiau peut recuperer la fonne d'origine sans lui appliquer une force exteme quelconque mais 
en Ie chauffant k une temperature definie ou au-dessus. 

14. Materiau biodegradable et absorbable k memoire de forme pour suture selon la revendicatlon 13, qui comprend 
un materiau biodegradable et absorbable susceptible d'etre obtenu en eiargissant et en deformant un article mouie 
d'un polymere k base d'acide lactique dans la fomne d'anneaux de petits diametres en un autre article mouie dans 
la fomne d'anneaux de gros diametres k une temperature superieure k sa temperature de transition vitreuse, mais 
inferieure k sa temperature de cristallisation (ou lOO^C quand rartlcle mouie n'a pas de temperature de cristalli- 
sation) et ensuite en fixant ledit article mouie dans la fomrie d'anneaux de gros diametres en Ie refroldlssant k une 
temperature inferieure k ia temperature de transition vitreuse, puis en effectuant des ouvertures, dans lequel ledit 
article mouie peut retoumer au premier article mouie dans la forme d'anneaux de petits diametres ayant ete ouverts 
en Ie chauffant de nouveau k ladite temperature de deformation ou au-dessus. 
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15. Mat^riau biod6gradable et absorbable k m^moire de forme selon Tune quelconque des revendications 1^4 pour 
suture, qui comprend un matdriau biodegradable et absorbable susceptible d'dtre obtenu en 6largissant et en 
d^fonnant un article mouie d'un polym^re ^ base d'acide lactique dans la forme d'anneaux de petits diam&tres en 
un autre article moul^ dans la forme de anneaux de gros dtam^tres k une temperature sup^rteure &sa temperature 

5 de transition vitreuse. mais inferieure k sa temperature de cristalllsation (ou 100''C quand Tarticle mouie n'a pas 

de temperature de cristalllsation), en ouvrant ledit article mouie dans la fomie d'anneaux de gros diametres, en 
courbant une partte de cetui-ci de maniere k s'adapter k une aiguille pour suture, et ensuite en fixant ledit article 
mouie dans la fomie en le refroldissant k une temperature inferieure k la temperature de transition vitreuse, dans 
lequel ledit article mouie peut retourner au premier article mouie dans la fomrie d'anneaux de petits diametres 

10 ayant ete ouverts en le chauffant de nouveau k ladite temperature de defomnation ou au-dessus. 

16. Matehau biodegradable et absorbable k memoire de fonnrie selon I'une quelconque des revendications 1^4 pour 
suture, qui comprend un article mouie d'un polymere k base d'aclde lactique dans la forme de fits, dans lequel 
ledit materiau peut recuperer la fomne de fils epals sans lui appliquer une force exteme quelconque mais en le 

15 chauffant k une temperature deflnle ou au-dessus. 

17. Materiau biodegradable et absorbable k memoire de forme pour suture selon la revendicatlon 16, qui comprend 
un materiau biodegradable et absorbable susceptible d'etre obtenu en etirant et en defomiant un article mouie 
d'un polymere k base d'acide tactique dans la fomie de fils epais en un autre article mouie dans la fomie de fits 

20 plus longs et. plus minces que lesdtts precedents k une temperature superieure k sa temperature de transition 

vitreuse, mais Inferieure k sa temperature de cristalllsation (ou 1 0O^'C quand {'article mouie n'a pas de temperature 
de cristalllsation), et ensuite en fixant ledit article mouie dans la fomie de fils minces en le refroldissant k une 
temperature inferieure k la temperature de transition vitreuse, dans lequel ledit article mouie peut etre raccourci 
et ainsi retourner au premier article mouie dans la fomrie de fils epais en le chauffant de nouveau k ladite tempe- 

25 rature de defomiation ou au-dessus. 

18. Materiau biodegradable et absortDable k memoire de forme selon I'une quelconque des revendications 1 k 4 pour 
fixation osseuse, qui comprend un article mouie d'un polymere k base d'acide lactique dans la fomrie de barres, 
dans lequel ledit materiau peut recuperer la fomie d'origine dans la forme de barres epaisses et rondes sans lui 

30 appliquer une force externe quelconque mais en le chauffant d une temperature deflnle ou au-dessus. 

19. Materiau biodegradable et absori^able k memoire de fomie selon I'une quelconque des revendications 1 k 4 pour 
fixation osseuse, qui comprend un materiau biodegradable et absorisable susceptible d'etre obtenu en defonnant 
un article mouie d'un polymere k base d'acide lactique dans la forme de ban-es epaisses en un autre article moute 

35 dans la fomie de barres plus longues et plus minces que lesdites precedentes k une temperature superieure k sa 

temperature de transition vitreuse. mais inferieure k sa temperature de cristalllsation (ou 100*^0 quand I'artlcie 
mouie n'a pas de temperature de cristalllsation) et ensuite en fixant ledit article mouie dans la fomne de barres 
minces en le refroidissant k une temperature Inferieure k la temperature de transition vitreuse, dans lequel ledit 
article mouie peut retourner au premier article mouie dans la fomne de barres epaisses en le chauffant de nouveau 

^ k ladite temperature de deformation ou au-dessus. 

20. Materiau biodegradable et absorbable k memoire de forme selon ta revendicatlon 19, dans lequel ledit article 
mouie detorme dans la forme de ban^es longues et minces est fixe dans la fomne en refroidissant et ensuite en 
coupant en broche definies. 

45 

21. Materiau biodegradable et absori3able k memoire de fomne selon i'une quelconque des revendications 1 k 4 pour ' 
fixation osseuse. qui comprend un materiau biodegradable et absorbable susceptible d'etre obtenu en deformant 
un article mouie d'un polymere k base d'acide lactique dans la fomne d'un cyllndre muni de deux bras inclines ou 
plus se projetant k partir de la peripherie de ses deux extremites ^ une temperature superieure k sa temperature 

50 de transition vitreuse, mais Inferieure k sa temperature de cristalllsation (ou lOO^C quand I'article mouie n'a pas 

de temperature de cristalllsation) de maniere que chaque bras soit courbe k I'interieur k la base en paralieie k 
I'axe du cyllndre et ensuite en fixant ledit article mouie dans ladite fomne en le refroidissant k une temperature 
inferieure k la temperature de transition vitreuse, dans lequel ledit article mouie peut retourner k la fonne d'origine 
en le chauffant de nouveau k ladite temperature de defomnation ou au-dessus. 

55 

22. Materiau biodegradable et absorbable k memoire de fomne selon I'une quelconque des revendications 1^4 pour 
eviter I'ecoulement du ciment osseux dans la cavite de la moelle, qui comprend un materiau biodegradable et 
absorbable susceptible d'etre obtenu en detomnant un article mouie d'un polymere k base d'acide lactique dans 
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la forme d'un tampon cylindrique ayant un fond h^misph^rique et muni de deux projections ou plus inclin^es 
analogues des p^tales s'^tendant h partir de la p4riph6rle de sa face sup^rieure ^ une temperature sup^rieure ^ 
sa temperature de transition vitreuse, mais Inf6rieure & sa temperature de cristallisation (ou 100**C quand Particle 
mouie n'a pas de temperature de cristallisation) de maniere que chaque projection analogue k un petale soit 
courbee k I'lnteileur k la base en paralieie k I'axe du cyllndre et ensuite en fixant ledit article mouie dans ladite 
fomfie en le refroidissant k une temperature inferieure k la temperature de transition vitreuse, dans lequel ledit 
article mouie peut retoumer k la forme d'origine en le chauffant de nouveau k ladite temperature de defomnatlon 
ou au-dessus. 

23. Materiau biodegradable et absorbable k memoire de forme seton I'une quelconque des revendications 1 k 4 pour 
eviter la, reconstriction vasculaire, qui comprend un materiau biodegradable et absorbable susceptible d'etre ob- 
tenu en defomriant un article mouie d'un polymfere k base d'acide lactique dans la fomne d'un cylindre perfore avec 
un certain nombre de pores ou d'un reseau ou d'un cylindre k mailles en un autre article mouie dans la fonme d'un 
cylindre pli6 k une temperature superieure k sa temperature de transition vitreuse, mais Inferieure k sa temperature 
de cristallisation (ou 1 00°C quand I'article mouie n'a pas de temperature de cristailisation) et ensuite en fixant ledit 
article mouie dans ladite forme en le refroidissant k une temperature inferieure k la temperature de transition 
vitreuse, dans lequel ledit article mouie peut retourner k la fomie d'origine en te chauffant de nouveau k ladite 
temperature de defomiation ou au-dessus. 

24. Materiau biodegradable et absori^able k memoire de forme selon I'une quelconque des revendications 1 k 4 pour 
joint de hanche artificiel comprenant un article mouie d'un polymdre k base d'acide lactique dans la fomfie d'une 
coupelle hemlspherique, dans lequel ledit materiau peut recup6rer la forme memorisee de petite coupelle h6mis- 
pherique sans lui appliquer une force externe quelconque mais en le chauffant k une temperature definie ou au- 
dessus. 

25. Materiau biodegradable et absort^able k memoire de forme selon I'une quelconque des revendications 1^4 pour 
joint de hanche artificiel, qui comprend un materiau biodegradable et absorbable susceptible d'etre obtenu en 
eiargissant et en defomriant un article mouie d'un polymfere k base d'acide lactique dans ia forme d'une petite 
coupelle hemlspherique en un autre article mouie dans la forme d'une grande coupelie hemlspherique k une 
temperature superieure k sa temperature de transition vitreuse, mais Inferieure k sa temperature de cristallisation 
(ou 100°C quand I'article mouie n'a pas de temperature de cristallisation) et ensuite en fixant ledit article mouie 
dans la fomne de grande coupelle hemlspherique en le refroidissant k une temperature inferieure k la temperature 
de transition vitreuse, dans lequel ledit article mouie peut retoumer au premier article mouie dans la fomne d'une 
petite coupelle hemlspherique en le chauffant de nouveau k ladite temperature de defonrnation ou au-dessus. 
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